Express Mail No. 
EV889152704US 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(11) EP 1 437 724 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
13:09;2006 Bulletin 2006/37 

(21) Application number: 04000162.0 

(22) Date of filing: 07.01 .2004 



(51) IntCI.: 

G11B7/24( 200601 > 



(54) Optical recording medium 

Optischer Aufzeichnungstrager 
Support d'enregistrement optique 



m 

CM 
CO 



CL 
LU 



(84) Designated Contracting States: 

AT BE BG CH CY C? DE DK EE ES Fl FR GB GR 
HU IE if LI LU MC NL PT RQ SE SI SK TR 

(30) Priority: 08.01.2003 J P 2003001753 
02 J 0.2003 JR 20^44865 
02iip.2pp3.JP 
281,11^2003 JP,2pP3398737 
28.11,2003 Jf 200^98736 

(43) Date of publication of application: 
14.07.2004 Bulletin 2004/29 

(73) ; Proprietor 
Chuprku, . 
Tokyo 103-8272 (JP) 

(72) Inventors: ....... . ... .. 

: • Mishima, Kpji 

Tokyo 103-8272 (JP) 



• Inoue, Hiroyasu 
Tokyo 103-8272 (JP) 

. • Komaki, Tsuyoshi 
Tokyo 103-8272 (JP) 

• Yoshitoku, Daisuke 
Jokybl 03^272, (JP) 

• Atai, Hitoshi . , ff< , 
Tpkyg i 103 r 8272,(JP) 

• Yamaga f ,Kenji , 
Tokyo 103-8272 (JP) 

• Kakiuchi, Hirpnori 
Tokyo, 103-?272(JP) 

(74), Representative: HOFFMANN EITLE 
Patent- und Rechtsanwalte :v 
Arabellastrasse 4 t 
81925 Munchen (DE) 



(56) References cited: 
EP-A-1 172 811 



EP-A- 1 195 756 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



EP 1 437 724 B1 



Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to an optical recording medium, and particularly, to an optical recording medium 
which includes a plurality of recording layers : and in which data can be recorded in jand reproduced from a farthest 
recording layer from a light incidence plane in^a desired manner and data can be recordedjn and data can be reproduced 
from recording layer(s) other than the farthest recording layer from the light incidence plane in a desired manner. 

10 DESCRIPTION OF THE PRIOR ART 

[0002] Optical recording media such as the CD, DVD and the like have been widely used as recording : media Jor 
recording digital data. Such optical recording media require improvement in ability to record large amounts of data and 
various proposals have been made in order to increase the data recording capacity thereof. 
is [0003] One of these is an optical recording medium having two recording layers and sucri an optical recording medium 
has been already put to the practical use as an optical recording medium adapted to>enable only data reading, such as 
the DVD-Video and the DVD-ROM. 

[0004] An optical recording medium adapted only for reading data and provided with two rdcbrding l^ers is formed 
by laminating two substrates each having prepits constituting a recording layer on the surface thereof via an intermediate 
20 layer. — 
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No. 2001-243655 etc.). 

[0006] In the optical recording -mediU in Japanese Patent Xppircatibn c Laid Op^n 1 N6: r 2b01 -2^43655, each 

25 recording layer includes a recor&n^ films (protective films);s^ therebetween 

and two recording layers each having^siich a configuration are laminated*via ^intWmediataia^er! 
[0007] In the case where data" are' V6 Be recorded in an optical recording of recording films 

in which data can be recorded by the^userra laser beam whose power Has been ^imodQiafed^d be edjual to a recording 
power Pw higher than a reprodudfigpp^^ is focused onto one or the other of the recording layers and projected 

30 thereonto, thereby changing the 'state'of aVecbrxjihg film included in the recording la^er irra'aiati& ; W'ithihe' laser beam 
and forming a record mark imthe' recording film? " '^Im** 1 - - ' * T * : " 

[0008] Since the reflection coefficients differ between the region of the recording film where a record mark is formed 
and blank region's ; of the recording film^^eV^fi'p record; mark is formed, data cah : be reproduced 'by projecting ? a laser 
beam whose power is §#fff #repro^ the recording layer and detecting the amount of the laser beam 

35 reflected by the recording layer. vv ftTffcfcr- 

[0009] In an optical recording mWium ihclu recording layers, recording data of data in and reproduction 

of data from the recording layer farthest from the light incident plane is accomplished by projecting a laser beam onto 
the recording layervia the recording layer(s);lo^ted Closer to the light incidence plane than the farthe^tV^ording layer 
fromW^ iignt ihcid^rice plane. ; - ^ f J V* - v; : 

40 [001 0] Therefore, in order to record data in or reproduce data from the recording layer farthest from the light incident 
plane in a desired manner, it is necessary for each of the recording layers located closer to the light incident plane than 
the farthest recording layer to have a sufficiently high light transmittance with respect to the laser beam. 
[001 1] On the other hand, in order to reproduce data recorded in the recording layer(s) other than the farthest recording 
layer from the light incidence plane to obtain a signal having a high C/N ratio, it is necessary to select a material for 

^5 forming each of the recording layer(s) other than the farthest recording layer from the light incidence plane so that the 
difference in reflection coefficients between the region thereof where a record mark is formed and the blank region 
thereof where no record mark is formed becomes sufficiently large. 

[0012] However, there has not yet been developed an optical recording medium including a plurality of recording 
layers and constituted so that data can be recorded therein by the user, a recording layer(s) other than the farthest 
so recording layer from the tight incidence plane has a sufficiently high light transmittance with respect to a laser beam, 
and the difference in reflection coefficients between the region thereof where a record mark is formed and the blank 
region thereof is sufficiently large. 



SUMMARY OF THE INVENTION 

[001 3] It is therefore an object of the present invention to provide an optical recording medium which includes a plurality 
of recording layers and in which data can be recorded in and reproduced from a farthest recording layer from a light 
incidence plane in a desired manner and data can be recorded in and data can be reproduced from recording layer(s) 
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other than the farthest recording layer from the light incidence plane in a desired manner. 

[0014] The above and other objects of the present invention can be accomplished by an optical recording medium 
comprising a substrate and a plurality of recording layers laminated via at least intermediate layers, at least one of the 
recording layers other than a recording layer farthest from a light incidence plane among the plurality of recording layers 
containing at least one metal M selected from a group consisting of Ni, Cu, Si, Ti, Ge, Zr, Nb, Mo, In, Sn, W, Pb, Bi, Zn 
and La and an element X which can combine with the metal M upon being irradiated with a laser beam for recording 
data, thereby forming a crystal of a compound of the element X with the metal M. 

[0015] In a study done by the inventors of the present invention, it was found that in the case where at least one of 
the recording layers other than the recording layer farthest from the light incidence plane among the plurality of recording 
layers contains at least one metal M selected from a group consisting of Ni, Cu, Si, Ti, Ge, Zr, Nb, Mo, In, Sn, W, Pb, 
Bi, Zn and La and an element X which can combine with the metal M upon being irradiated with a laser beam for recording 
data, thereby forming a crystal of a compound of the element X with the metal M, the recording layer has a sufficiently 
high transmittance with respect to the laser beam.; 

[00.1 6] Therefore, according to the;present invention, since it is possible to suppress the reduction in the power of the 
laser.beam to the minimum during the period required for arrival; of the lasenbeam at the farthest recording layer from 
the light incidence plane,: it is possible to- record. data in the farthest recording Jayer from the light incidence plane in a 
desired manner: On other hand, when data are to be reproduced from the farthest recording layer from the light incidence 
plane, since it is possible to suppress the reduction in the power of the laser beam to the^minimum during the period 
required for arrival of the laser beam reflected by the farthest recording layer at the light incidence plane, it is possible 
to reproduce data recorded in the farthest recording layer from the light incidence plane in a desired; manner. 
[0017] Further, according to the present invention, since data are recorded in the recording layer containing the metal 
M and the element Xby projecting the laser beam for recording data and. combining the metal M and the element X to 
form a crystal of: a compound of ther metal M with the element X, it is possible to increase the difference in reflection 
coefficients with ^respect to a laser beam between a region where the compound of the metal M with the element X is 
crystallized and other regions and it is therefore possible to record in and reproduce from not only the farthest recording 
layer from the light incidence plane but also the recording layer(s) other than the farthest recording layer from the light 
incidence plane -irva desired manner. ^ 

[0018] : In a preferred aspect of the present invention, alkof the recording (layers other than the farthest recording layer 
fromUhe light incidence plane among the plurality of recording layers contain at least one metal M selected from a group 
consisting ofNi,: Gu, Si, Ti, Ge, Zr, Nb, Mo, In, Sn, W, Pb; Bi, Zn and La and an element X which can combine with the 
metal M upon being irradiated: with a laser beam for recording data, thereby forming a crystal of a compound of the 
elements with the metal M. : - ^ •.. i - 

[0019] According to this preferred aspect of the present invention, it is possible to considerably improve the light 
transmittance of the recording: layers other than the farthest recording layer from the light incidence plane as a whole. 
[0020]: In a further preferred aspect of the present invention, all of the recording layers other than the farthest recording 
layer to the light incidence plane among the plurality of recording layers contain at least one metal M selected from a 
group consisting of Ni, Cu, Si, Ti, Ge, Zr, Nb, Mo, In, Sn, W, Pb, Bi, Zn and La and an, element X which can combine 
with the metal- M upon > being irradiated with a laser beam for recording data, thereby forming a crystal of a compound 
of the element X with, the metal M, andare formed in such a manner that the recording layers closer to the light incidence 
plane-are .thinner.- ^ » i :» :;-i-s: - ...-n*... .-. • . • 

[0021]: According to this preferred aspect of the present invention, since it is possible to much more improve the light 
transmittance of the recording layers other than the farthest recording layer from the light incidence plane as a whole, 
it is possible to. record. data in anchreproduce data from the farthest recording layer from the light incidence plane in a 
•desired f manner.;^T.':--- .' ■-'<■■.■ - • : • . • . • «•? . ■• 

[0022$-: Further* in a study done by the inventors of the present invention, it was found that in the case where all of the 
recording layers other than the farthest recording layer among the plurality of recording layers contain at least one metal 
M selected from a group consisting of Ni, Cu, Si, Ti, Ge, Zr, Nb, Mo, in, Sn, W, Pb, Bi, Zn and La and an element X 
which can combine with the metal M: upon being irradiated with a laser beam for recording data, thereby forming d 'crystal 
of a compound of . the element X with ^ the metal M, and are formed? in such a manner that the recording layers closer to 
the light incidence plane are thinner, the reflection coefficients of the recording layers farther from the light incidence 
plane with. respect to the laser ^beam become higher and it is therefore possible to reproduce data from the recording 
layers other than the farthest recording layer from the light incidence plane in a desired manner. 

[0023] In a further preferred: aspect of the present invention, the optical recording medium includes a first recording 
layer, a second recording. layer and a third recording layer on the substrate in this order and the first recording layer, the 
second recording layer and the third recording layer are formed so that the second recording layer has a thickness of 
15 nm to 50 nm and that a ratio of the thickness of the third recording layer to the thickness of the second recording 
layer is 0.40 to 0.70. 

[0024] In a study done by the inventors of the present invention, it was found that in the case where the optical recordi ng 
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medium includes a first recording layer, a second recording layer and a third recording layer on the substrate in this 
order and the first recording layer, the second recording layer and the third recording layer are formed so that the second 
recording layer has a thickness of 15 nm to 50 nm and that the ratio of the thickness of the third recording layer to the 
thickness of the second recording layer is 0.40 to 0.70, the amount of the laser beairv absorbed by the second recording 
layer and that absorbed by the third recording layer can be made substantially equal to each other and they can be set 
to sufficiently high levels, namely, 10 % to 30 %. Therefore, according to this preferred aspect of the present invention, 
it is possible to record data in the second recording layer and the third recording layer in a desired manner by projecting 
laser beams having substantially the same power thereonto. \ 
[0025] - Further^ a study carried out by the inventors of the present invention revealed that in the case where the optical 
recording medium includes a first recording layer, a second recording layer and a third recording layer on the substrate 
in this order and the first recording layer, the second recording layer and the third recording layer are formed so that the 
second recording layer hasa thickness of 15 nm to 50 nm and that the ratio of the thickness of the third recording layer 
to the thickness of the second recording layer is 0.40 to 0.70, the reflection coefficient of the second recording layer and 
that of :the third recording layer with respect to the laser beam can be made substantially equal to each other and^they 
can be made substantiallyihigh. Thereforeraccording to this preferred aspect of the 1 present -invention, it is possible to 
reproduce data^from the second recording layer and the third recording layer in ai desired manner. 
[0026] In the present' invention, \it is; more preferable to form the third recording layer and=the second recording layer 
so that avratio of therthickness of the third recording layer to that of the second recording layer is 0.46 to 0.69 andit is 
mostpreferable to form the second recording layer and the third recording layer so that a ratio of the thickness of the 
third recording layer to that of the second recording layer is 0:50 to. 0:63. 

[0027] * Imafurther preferred aspect of the present invention, the 6pticial : recording medium includes a first recording 
layer, a second recording* layer; a third recording layer and a fourth recording layer on the substratein this order and 
the first recordingMayer, the second recording layer, the tthird recording layer and. the fourth recording layer are formed 
so that the second recording tlayer has a thickness of 20 nm to 50 nm; that a ratio of the thickness of the tn^ 
layer to-the thickness of the second recording layer is 0:48 to 0.93 and that a ratio of the thickness of the'fourth recording 
layer to that of the second recording layer is 0.39 to 0.70. ■ - \ • ... w l} 5 r ; { - ^ v 

[0028] In a study done by the inventors of the present invention, it was found that in thecase where the optical recording 
medium includes a first recording layer, a second recording layer; ?a third recording layer and a fourth recording layer 
on thevsubstrate in thisidrder and the f irst recording layer, the second; recording ;layer ; the. third recording layer and the 
fourth recording layer are.formedsso that the second recording flayer has a thickness:of 20 nm to 50nm; that the ratio 
oftherthickness^f the third recording layer to the thickness of the second recording' layer iis 0.48'toi0.93^and that the 
ratio of the thickness of the fourth recording layer to that of the second recording layer is 0.39 to 0.70, the amount of the 
laser beam absorbedtby the second recording layer/ that absorbed by the third recording layer and that absorbed by 
the'fourth recording layer can be madesubstantially equal to each other and they can 'be set to sufficiently-high levels, 
namely; 10 %to,20 % ; iTherefore, according;to this preferred aspect of the present invehtionrit is possible to record data 
in the second recording layer, the third recording layer and the fourth recording layer in a desired manner by projecting 
laser beams having substantially the same power thereonto. ~ 
[0029] ^Further,>in a study done by the inventors of the present invention; it was found that in the case where the optical 
recording medium includes a first recording layer, a second recording layer, a third recording layer and a fourth* recording 
layer on the substrate in this order and the first recording layer, the second recording layer, the third recording layer and 
the fourth recording layer arevformed so that the second recording layer has a thickness of 20 nmrto 50 nm, that the 
ratio of the thickness of the third recording layer to the thickness of the second recording layer is 0.48 to 0.93 and that 
the ratio of the thickness of the fourth recording layer to that of the second recording layer is 0:39 to 0.70, the reflection 
coefficient of the second recording layer, that of the third recording layer and that of the fourth recording layer with' respect 
to the laser-beam can be made substantially equal to each other and: they « can be made substantially high. Therefore, 
according to this: preferred aspect of the present invention; it is possible to -reproduce- data from the second recording 
layer, vthe third recording layer and the fourth recording layer in a desired manner. 

[0030] In the present invention; it is more preferable to form the second recording layer, the third recording layer and 
the fourth recording layer so that a ratio of the thickness of the third recording layer to that of the second recording layer 
is 0.50 to 0i90 and a ratio of the thickness of the fourth recording, layer to that of the second recording layer is 0.39>to 
0.65 and it is most preferable to form the second recording layer, the third recording layer and the fourth recording layer 
so that a ratio of the thickness of the third recording layer to that of the second recording layen is 0.57 to 0.80 and a ratio 
of the thickness of. the fourth recording layer to that of the second recording layer is 0<42 to 0.54. 
[0031] In a further preferred aspect of the present invention, the element X is constituted of at least one element 
selected from a group consisting of S, O, G and N. 

[0032] S, O, C and N are highly reactive to at least one of metal M selected from the group consisting of Ni, Cu, Si, 
Ti, Ge, Zr, Nb, Mo, In, Sn, W, Pb, Bi, Zn and La and can be preferably used as the element X. In particular, O and S 
included in the sixth group elements are adequately reactive to the metal M and, unlike F or CI included in the seventh 
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group elements, do not react with the metal M without being irradiated with a laser beam for recording data, so that O 
and S are particularly preferable for the element X. 

[0033] In a further preferred aspect of the present invention, the at least one recording layer containing the metal M 
and the element X further contains at least one metal selected from a group consisting of Mg, Al and Ti. 

5 [0034], In the present invention, in the case where the at least one recording layer containing the metal M and the 
element X; further contains Mg, it is preferable for the at least one recording layer to contain 1 8.5 atomic % to 33.7 atomic 
% of Mg and it is more preferable for the at least one recording layer to contain 20.0 atomic % to 33.5 atomic % of Mg. 
[0035] On the other hand;? in the present invention, in the case where the at least one recording layer containing the 
metal- M and the elementX'further contains Al, it is preferable for the at least one recording layer to contain 1 1 atomic 

10 % to}40.atomic % of Al and it is more preferable for the at least one recording layer to contain 18 atomic % to 32 atomic 
. %ofcAI. .-. >.-■ . 

[0036] Moreover^ in the present invention* in the case where the at least one recording layer containing the metal M 
and the element X further contains Ti, it is preferable for the at least one recording layer to contain 8 atomic % to 34 
atomic % of Ti and itiis more preferable for the at least one recording, layer to contain 10 atomic % to 26 atomic % ofTi. 

is [0037]' In a further preferred aspect of the present invention, the farthest recording layer among the plurality of recording 
layers ineludesra first recording film containing Cu as a. primary component and a second recording film containing Si 
as a primary component. 

[0038] According to this?pref erred aspect of the present invention, since the farthest recording layer among the plurality 
of recording layers includes a first recording film containing Cu as a primary component and a-second recording film 

20 containing Si as a primary component* it is possible to suppress the noise level of a signal»obtained by reproducing data 
recorded in the farthest recording layer from the light incidence plane to a lower level and it is possible to increase the 
change in reflection coefficient between 'before and after the recording of data; Further, even when the optical recording 
medium has been stored for a long time, recorded data can be prevented from being degraded and the reliability of the 
optical recording medium can be increased. 

25 [0039] In a further preferred aspect of the present invention, a reflective film is formed between the farthest recording 
layer from the light incidence plane and the substrate. 

[0040] According to this preferred laspect of the present invention, when data recorded in the farthest recording layer 
from the light incidence plane are to 1 be reproduced, since a laser beam projected onto the farthest recording layer via 
the light incidence plane is reflected by the surface of the reflective film and the laser beam reflected by the reflective 

30 film and the* laser beam; reflected by the farthest recording layer from the light incidence plane interfere with each other, 
the change in reflection coefficient between before and after the recording of data can be increased and data recorded 
in the farthest recording layer from the light incidence plane can be reproduced with: high sensitivity. .:.»/•. 
[0041] In* afurther preferred aspect of the present invention, the at least one recording layer containing the metal M 
and the element X is constituted so that data can be recorded therein and recorded data can be reproduced using a 

35 laser beam having a wavelength of 380 nm to 450 nm; » r 

[0042] ? Since the at least one recording layer containing the metal M and the element X exhibits an excellent optical 
property with respect to a laser beam having a wavelength of 380 nm to 450 nm, it is preferable to record data and 
reproduce recorded data using the laser beam having a wavelength of 380 nm to 450 nm. * M 

[0043] The above and other objects of the present invention can be also accomplished by an optical recording medium 

40 comprising a substrate and a plurality of recording layers laminated via at least intermediate layers, at least one of the 
recording layers other than a recording layer farthest from a light incidence plane amdhg the plurality of recording layers 
containing at least one kind of metal selected from a group consisting of Ni, Cu, Si, Ti, Ge, Zr, Nb, Mo, In, Sn, W, Pb, 
Bi, Zn and La and at least one element selected from a group consisting of S f O, C and N as a primary component and 
being added with at least one kind of metal selected from a group consisting of Mg, Al and Ti. 

45 [0044] According to the study of the inventors of the present invention, it was found that in the case where the at least 
one of the recording layers other than a recording layer farthest from the light incidence plane among the plurality of 
recording layers contains at least one metal selected from a group consisting of Ni, Cu, Si, Ti, Ge, Zr, Nb, Mo, In, Sn, 
W, Pb, Bi, Zn and La and at least one element selected from a group consisting of S.O, C and N as a primary component 
and is added with at least one metal selected from a group consisting of Mg, Al and Ti, the recording layer has a sufficiently 

50 high transmittance with respect to the laser beam: 

[0045] Therefore, according to the present invention, it is possible to record data in and reproduce data from the 
farthest recording layer from the light incidence plane in a desired manner and it is also possible to record data in and 
reproduce data from the recording layer(s) other than the farthest recording layer from the light incidence plane. 
[0046] In the present invention, it is preferable for all of the recording layers other than the farthest recording layer 

55 from the light incidence plane among the plurality of recording layers to contain at least one metal selected from a group 
consisting of Ni, Cu, Si, Ti, Ge, Zr, Nb, Mo, In, Sn, W, Pb, Bi, Zn and La and at least one element selected from a group 
consisting of S,O f C and N as a primary component and to be added with at least one metal selected from a group 
consisting of Mg, Al and Ti. 
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[0047] In a preferred aspect of the present invention, the recording layer containing at least one metal selected from 
a group consisting of Ni, Cu, Si, Ti, Ge, Zr, Nb, Mo, In, Sn, W, Pb, Bi, Zn and La and at least one element selected from 
a group consisting of S,0, C and N as a primary component and being added with at least one metal selected from a 
group consisting ofMg, Al and Ti is formed by a vapor growth process using a target containing at least one metal 
selected from a group consisting of Ni, Cu, Si, Ti, Ge, Zr, Nb, Mo, In, Sn, W, Pb, Bi, Zn and La and at least one element 
selected from a group consistingof S,0, C and N as a primary component and a target containing at least one metal 
selected from a group consisting of Mg, Al and Ti as a primary component. 

[0048] In a further preferred aspect of the present invention; the recording layer containing at least one metal selected 
from a group consisting of Ni, Cu; Si, Ti, Ge, Zr, Nb, Mo, In, Sn, W, Pb, Bi, Zn and La and at least one element selected 
from a group consisting of S.O, C and N as a primary component and being added with at least one metal selected from 
a group consisting of Mg, Al and Ti is formed by a vapor growth process using a target containing a mixture of ZnS and 
Si0 2 or a mixture of La 2 0 3 ,Si0 2 and Si 3 N 4 as a primary component and a target containing at least one metal selected 
from a group consisting of Mg. AI and Ti as a primary component. ■ ■ 

[0049]: In a further preferred aspectof the presenMnvention, the recording layer containing at least one metal selected 
from a group consisting of Ni, Cu, Si, Ti, Ge, Zr, Nb, Mo, In, Sn r W; Pb, Bi; Zn and La and at least one element selected 
from a group consisting of S.O, C and N as a primary component and being added with at least one metal selected from 
a group consisting of Mg, Al and Ti is formed by a vapor growth process using a target consisting of a mixture of ZnS 
and Si0 2 or a mixture of La 2 0 3 , Si0 2 and Si 3 N4 and a target consisting of at least one metal selected from a group 
consisting of Mg, Al and Ti. • : 

[0050]: In the present invention, in the case where the target containing the mixture^ of ZnS and Si0 2 is used, it is 
preferable to seta mole ratio of ZnS to Si0 2 >to be 50:50 to 90:10 and more preferably set to be about 80:20. 
[0051] In the case where the mole ratio of ZnS in the mixture of ZnS and Si0 2 is equal to or larger than 50 %, the 
reflection coefficientand the light transmittance of the recording layer with respect to a laser beam can be simultaneously 
improved and in the case where the mole ratio of ZnS in the mixture of ZnS and Si0 2 is equal to or smaller than 90 %, 
it is possible to effectively, prevent cracks from being generated in the recording layer owing to stress. Further, in the 
case where the mole ratio of ZnS to Si0 2 of the mixture of ZnS and Si0 2 is about 80:20, both of the reflection coefficient 
and the light transmittance of the recording layer with respect to a laser beam can be much more improved, while it is 
possible to more effectively prevent cracks from being generated in the recording layer. . 

[0052] Further; in the present invention, in the case where the target containing the mixture of La 2 Q 3 , Si0 2 and Si 3 N 4 
is used, it;is preferable to set a mole ratio > of Si0 2 to La 2 0 3 and Si 3 N 4 to be 10:90 to 50:50 and it is more preferable to 
set a mole ratio of La 2 0 3 , Si0 2 and Si 3 N 4 to be 20:30:50. 

[0053] In the case where the: mole ratio of Si0 2 in the mixture of La 2 0 3 , Si0 2 and Si 3 N 4 is equal to or smaller than 10 
%,< cracks- tend to'be generated in the recording layer and in the case where the mole ratio of SKD 2 in the mixture of 
La 2 Q 3 i Si0 2 ; and Si 3 N 4 exceeds 50 %, the refractiveiindex of the recording layer becomes low, whereby the reflection 
coefficient of the recording layer becomes low. On the other hand, in the case where the mole ratio of La 2 0 3 and Si 3 N 4 
is 50*% to 90 %, it is possible to increase the refractive index of the recording layer and to prevent cracks from being 
generated in the recording layer. 

[0054] The above and other objects and features, of the present invention will become apparent from the following 
description made with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0055] 

Figure 1 is a schematic perspective view showing an optical recording medium that is a preferred embodiment of 
the present invention. . . . 

Figure 2 is an enlarged schematic cross-sectional view of the.part of the optical recording medium indicated by A 

wFigure 1v ; = , : 

Figure 3 is an enlarged schematic cross-sectional view showing a first recording layer. 

Figure 4 shows a step for manufacturing an optical recording medium that is a preferred embodiment of the present 
invention. 

Figure 5 shows a step for manufacturing an optical recording medium that is a preferred embodiment of the present 
invention. 

Figure 6 shows a step for manufacturing an optical recording medium that is a preferred embodiment of the present 
invention. 

Figure 7 shows a step for manufacturing an optical recording medium that is a preferred embodiment of the present 
invention. * 

Figure 8 shows a step for manufacturing an optical recording medium that is a preferred embodiment of the present 
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invention. 

Figure 9 is a diagram showing a pulse train pattern of a laser power control signal for controlling the power of a laser 
beam when data are to be recorded in an optical recording medium. ■ 

Figure 10 is a schematic enlarged cross-sectional view showing a first recording layer before data are recorded 
therein. 

Figure 11 is a schematic enlarged cross-sectional view showing a first recording layer after, data were recorded 
therein. ... ,<.. . ■ . ■ 

Figure 1 2 is a schematic perspective view showing an optical recording medium that is another preferred embodiment 
, vOf the present invention. < v < > . , 

Figure 13 is an enlarged schematic cross-sectional view of the part of the optical recording medium indicated by B 
in Figure 12. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0056] . Figure 1?isra schematic perspective view showing^an optical* recording medium that is a preferred embodiment 

of the present invention and Figure 2 is a schematic enlarged cross-sectional view indicated by A in Figure 1. 

[0057] As shown intpigure 1, an optical recording medium 1 0 according to this embodiment is formed disk-like and 

has a outer diameter of aboutt 120 mm and a thickness of about 1.2 mm. i. •.. ■ 

[0058] As; shown in ;Figure 2, i the optical recording medium 10 according to this embodiment includes a support 

substrate 1 1 1 a first recording layer 20, a first intermediate layer 1 2, a second recording layer 30, a second intermediate 

Iayerr13, a third recording layer 40 and a light transmission layer 15. - 

[0059] The first recording layer 20, the second, recordinglayer 30 and the third recording layer 40 are recording layers 

in which dataware recorded, i-e;, the optical recording^medium »10 according to this embodiment includes three recording 

i layers. : . «.■.-■«. . . :• - ■ ..>LVi1.-! ,\."- '>,-.-■' .\ :-o ' ' 

[0060] As shown in Figure 2, the optical recording medium 10 according4o this embodiment is constituted so that a 
lasers beam L is. projected? onto the light transmission layer 15 and*ai light incidence 3 plane 15a is constituted by one 
surface of the light transmission layer 1 5. As shown in Figure 2, the first recording layer 20 constitutes a recording layer 
farthest from the light incident jplane 15a and the< third recording layer 40 constitutes a recording layer closest to from 
the light incident plane 15a. ^v-v ; > •.! ? ; ■ - iil ■ 1 . ; ^ •:• m. 

[0061] ? -When data are to be recorded:iathe first recording layer 20, the second recording layer 30 or the third recording 
layer:40 on when data recorded.in thetfirst recording layer 20, the second recording layer.30 or the third recording layer 
40 are to be reproduced, a blue laser beam L having a wavelength X of 380 nm^to 450 nm is projected^ rom the side of 
the light incidence plane 15a and focused onto one of the:first recording layer 20; the second recording layer 30?and the 
third recording layer 40. u u ^h^;.': ~ im ■ 

[0062] vi Theref6re,*when dataareto be recorded in the first recording layer 20 or when data recorded in the first recording 
>layer<20/are to be reproduced,? the first recording?layer 20 is irradiated with, the laser beam L via the second recording 
layer 30 f and, the? third recording^ layer 40 and .when^ data are* to be recorded in the isecond recording layer 30 or when 
data> recorded in the second .recording; layer?30 are to be reproduced, the second recording layer 30 is irradiated with 
the laser beam L via the third recording layer 40. j 
[0063] •,/ The support substrate^ 1 serves as a support for ensuring mechanical strength required for the optical recording 
medium 10. -.t i 

[0064] The material used to form the support substrate 1 1 is not particularly limited insofar as the support substrate 
11 can .serve as the support of the optical recording medium 10. The support substrate 11 can be formed of glass, 
ceramicj resin orthe like. Among these; resin is preferably used for forming the support substrate t1 since resin can be 
easily shaped. Illustrative texamples of resins suitable for forming the support substrate 1 1 include polycarbonate resin, 
acrylic resin, epoxy resin, polystyrene resin, polyethylene resin, polypropylene resin, silicone resin, fluordpolymers, 
acrylonitrile butadiene styrene resin, ; urethane resin and the like: Among these, polycarbonate resin is most preferably 
used;for forming the support substrate >11 from the viewpoint of easy processinig, optical characteristics and the like and 
in this embodiment, the support substrate 1 1 is formed of polycarbonate resin. In this embodiment, since the laser beam 
L is projected via the light incident plane 15a located opposite to the support substrate 11, it is unnecessary for the 
supportsubstrate vrUta have a light transmittance property. 

[0065]; In this embodiment, the support substrate 1 1 has a thickness of about 1.1 mm. « 
[0066] As shown in Figure 2,. grooves 11a and lands 11b are alternately and spirally formed on the surface of the 
support substrates 1; The grooves 1 1a and/or lands 11b serve as a guide track for the laser beam L when data are to 
be recorded in the first recording layer 20 and data are reproduced from the first recording layer 20. 
[0067]^' The depth of the groove 1 1a is not particularly limited and is preferably set to 10 nm to 40 nm. The pitch of the 
grooves 1 1a is not particularly limited and is preferably set to 0.2 n.m to 0.4 |xm. 

[0068] As shown in Figure 2, the first recording layer 20 is formed on the surface of the support substrate 11. 



EP1 437 724 B1 



[0069] Figure 3 is an enlarged schematic cross-sectional view showing the first recording layer 20, 

[0070] As shown in Figure 3, the first recording layer 20 is constituted by laminating a reflective film 21, a second 

dielectric film 22, a first recording film 23a, a second recording film 23b and a first dielectric film 24. 

[0071] The reflective film 21 serves to reflect the laser beam L entering the light incident plane 15a so as to emit it 

from the light incident plane 15a and effectively radiate heat generated in the first recording film 23a and the second 

recording film 23b by the irradiation with the laser beam L; 

[0072] The material used to form the reflective film 21 is not particularly limited insofar as it can reflect a laser beam, 
and the reflective film 21 can be formed of, Mg, Al, Ti, Cr, Fe, CorNi, Cu, Zn, Ge, Ag, Pt, Au and the like. Among these 
materials, it is preferable to form the reflective film 21 of Al, Au, Ag, Cu or alloy thereof since they have a high reflection 
coefficient and high thermal conductivity. » 

[0073] The reflective film 21 is preferably formed so as to have a thickness of 20 nm to 200 nm. When the reflective 
film 21 is thinner than 20 nm, it is difficult to form the reflective film 21 having a sufficiently high reflection coefficient and 
the reflective film 21 does not readily radiate heat generated in the^first rebording layer 20. On the other hand; when 5 the 
reflective film 21 is thicker than 200 nm, the productivity of the optical recording medium 10 is lowered since a long time 
is required for forming the reflective film 21 and there is a, risk of cracking the reflective film 21 due to internal stress or 
the like. • ■ ■ .r, ( ;:;j.v. : v;''t ; ;!.^*-..-ii s-.i,;-; ■.••«•. • . 

[0074] vAs shown in Figure 3; the second dielectric film 22 is formed on the surface of the reflective film 21. 
[0075] The second dielectric film 22 serves to prevent the support substrate 11 from being deformed by heat and also 
serves as a* protective film for protecting the first recording, film 23a and the second recording film 23b together with the 
first dielectric film 24. - rnv<. k «■ - y^-.u .«.->.••..:- 

[0076] The dielectric material for forming the second dielectric film 22 isiriot particularly limited insofar as it is transparent 
in the wavelength range of the laser beam L and the. second dielectric film 22 can be formed of a dielectric material 
containing oxide; nitride; sulfide; fluoride or a combination thereof; for example, as a primary component The second 
dielectric film 22 is preferably formed of oxide, nitride, sulfide, fluoride or a combination thereof containing at least one 
metal selected from the group: consisting of Si, Ge, Zn, AI^Ta,Ti, Go, Zr, Pb, Ag, Sh, Ca 4 Ce, V, Cu, Feand Mg. The 
mixture of ZnS and: Si0 2 is ^particularly preferable as a dielectric material for forming the second dielectric film 22 and 
the mole ratio of ZnS to>Si0 2 is preferably 50:50 to 85: 1 5; and more preferably about 80:20. 

[0077] As shown in Figure 3, the first recording A ilm 23a is formedron the surface of the second dielectric film 22 and 
the second recording film 23b is further formed on the surface of the first recording film 23a. 

[0078] The first recording film 23a and the second recording film 23b are recording* ilms in which data are to be recorded. 
[0079] ; In this embodiment, the first recording film 23a contains Cu as a primatry component and the second recording 
filmi23b contains Si as *a primary component; ^ : ; v r 

[0080] In this specification, the statemenUthat a recording3film contains a certain element as a' primary component 
means that the content of the element is 50 atomic % to 100 atomic %. 

[0081]; , It is preferableifor theifirst recording film 23a containing Cu as a primary component to be added with at le^ 
one element selected from the group consisting.of Al, Zn, Sn, Mg andiAu; In the ;case: where the at least one element 
selectedtfrom the group consisting of Al, Zn, Sn; Mg and?Au is<added toithe first recording film 23atcoritaining Cu as a 
•primary component, it is possible to decrease the noise level in?the reproduced signal and improve the long term storage 
reliability. . b.v^ * ;x>in ,-. < r «;.*, . ■• . s ---jr-. ■ 

[0082]* . It is preferable to form the first recording film 23a-and the second recording film;23b so that the total thickness 
thereof is 2nm to 40 nm. 

[0083] In the case where the total thickness of the first recording film 23a and the second recording film 23b is thinner 
than 2 nm, the change in reflection coefficient between before and after irradiation with the laser beam L is small so that 
a reproduced signal having a highiG/N ratio cannotbeiobtained.vOn the other hand, 1 when the total thickness of the first 
recording film 23a and the second recording film 23b exceeds:40 nm, the?recording characteristic of the first recording 
layer 20 is degraded. -w:n . •• • . ; ■ , A • 

[0084] The:individual thicknesses of the first recording film 23a and the second recording film 23b are not particularly 
limited but it is preferable to define the ratio otthe thickness of the firstTecording film 23a to the thickness of the second 
recording film 23b, namely; tthickness of first recording layer 31 / thickness of second recording layer 32 to be from 0 2 

tOS.0. . v rs, . ; . 

[0085] As shown in Figure 3, the first dielectric film 24 is formed on the surface of the second recording film 23b. 
[0086] The first dielectric film 24 can be formed of the material usable f or forming the second dielectric film 22- 
[0087] As shown in Figure 2, the. first intermediate layer 12 is formed on the surface of the first recording layer 20. 
[0088] The first intermediate layer 12 serves to space the first recording layer 20 and the second recording layer 30 
apart by a physically, and optically sufficient distance. 

[0089] As shown in Figure 2, grooves 12a and lands 12b are alternately formed on the surface of the first intermediate 
layer 12. The grooves 12a and/or lands 12b formed on the surface of the first intermediate layer 12 serve as a guide 
track for the laser beam L when data are to be recorded in the second recording layer 30 or when data are to be 
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reproduced from the second recording layer 30. 

[0090] As shown in Figure 2, the second recording layer 30 is formed on the first intermediate layer 1 2 and the second 
intermediate layer 13 is formed on the surface of the second recording layer 30. 

[0091] The second intermediate layer 13 serves to space the second recording layer 30 and the third recording layer 
40 apart by a physically and. optically sufficient distance. 

[0092] As shown in Figure 2, grooves 13a and lands 13b are alternately formed on the surface of the second inter- 
mediate layer 13. The grooves 13a and/or lands 13b formed on the surface of the second intermediate layer 13 serve 
as a guide track for the laser beam L when data are to be recorded in the third recording layer 40 or when data are to 
be>reproduced from the third recording layer 40. \ - - 

[0093] The depth of the groove 12a, 13a and the pitch of the grooves 42a, 13a can be set substantially the same as 
those of the grooves ^ 1a formed on the surface of the support substrate 1 1 . 

[0094] It is necessary for the first intermediate layer 12 to have sufficiently high light transmittance since the laser 
beam L passes through the first intermediate layer 1 2 when data are to be recorded in the first recording layer 20 and 
datajrecorded in the first recording layer 20 are to be reproduced and it is necessary forthe second intermediate layer 
13 tothave sufficiently highlight transmittance since the laser beam L passes through the seeond: intermediate layer 13 
when data are to be recorded in the. first recording layer 20 and data recorded in the first recording layer 20 are to be 
reproduced and when data are to be recorded in the. second recording layer 30 and data recorded iathe second recording 
layer 30 are' to be reproduced: v. t. ; 

[0095] The material for forming each of dhe* first -intermediate layer 12 and the second intermediate layer 13 isnot 
particularly limited insofar as it hasia.high light transmittance for the laser beam L and an ultraviolet ray curable acrylic 
resin is preferably/used for forming each of the ifirst? intermediate layer 1 2 and the second intermediate layer 13. 
[0096] It is preferable to idrm each: of 'the first intermediate layer 12 and the second, intermediate layer 13 so as to 
havea thickness pf5 jim to>50|* m and it is more preferable to form it so as to have a thickness of 10 fim to 40 pirn. 
[0097] The second recordingslayer 30 is a recording layer in which data are to be recorded and in this embodiment, 
the-second recording .layer 30Jis constituted as a single film. 

[0098] As shown in Figure 2, the third recording layer* 40 is formed on the surface of the second intermediate layer 1 3. 
[0099] The third recording layer 40 is a recordingJayer in which datai are to be recorded and in this embodiment.Tthe 
third^recording layer 40; is constituted ;as a single film. .t-i..- 

[0100] ; In this embodiment, each of the second recording layer 30 and the third recording layer 40: contains Zn, Si, S 
and O as a primary component and at least one metal selected from the group consisting of Mg^ Al and TT as an additive. 
[0101] ; t .Concretely / the second recording layer 30 is formed on the surface of the first intermediate layer 12 by a vapor 
growth process such as a sputtering process using: a target consisting of the mixture of ZnS and> Si0 2 and a target 
consisting of at least one metal selected from the group consisting of Mg, Al and Ti. During the process for forming the 
second recording layer 30, the at least one metal selected from the group consisting of Mg,rAI and Tracts on the mixture 
of ZnS and Si0 2 as a reducing agent and as a result, Zn is separated from S and simple substances of Zn are- uniformly 
dispersed in theseeond recording layer 30. . .-..-v; ; ft. v-h-v- \ .% . 

[0102] In this, embodiment, the third recording layer 30 has the same composition as>that. of the- second ^recording 
layer 30 and; therefore, the third recording layer; 40* is formedion the surface of the second intermediate layer 13 by a 
vapor growth process such as a sputtering process using a target consisting of the mixture of ZnS and SiO^ and a target 
consisting of atleast one metal selected;from the group consisting of Mg t Al and TL - , . , . 

[01 03] i Further, in this embodiment^ the second recording layer 30 is. formed so as to have a thickness of 1 5 nm to 50 
nm and the third recording layer 40 is formed so that the ratio D3/D2 of the thickness D3 of the third recording layer 40 
to the thickness D2 of the second recording layer 30 is* 0.40 to 0.70. 

[0104]^ Since a laser beam L passes through'the second recording layer 30 when data are to. be recorded in or data 
recorded in the first recording layer 20 are to be reproduced, it is necessary for the second recording; layer 30 to have 
sufficiently high light transmittance so that a signal having a high level can be obtained when, data recorded inlhe.first 
recording;layer 30 are reproduced; Further, since a laser beam L passes through the third recording layer/40 when data 
are to berecorded in the first recording layer.20 or data recorded in the first recording layer 20 are to be reproduced or 
when.data are;to<be recorded in the second recording layer 30 or data recorded in the second recording layer 30 are to 
be reproduced, it is necessary for the third recording layer 40 to have sufficiently high light transmittance so that a signal 
having a high-level can be obtained when data recorded in the first recording layer, 20 or when data recorded in the 
second recording layer 30 are reproduced: 

[0105] ^On the other hand, since a laser beam L reflected by the second recording layer 30 and emitted through the 
light incidence plane 15a is detected when data recorded in the second recording layer 30 are to be reproduced and a 
laser beam L reflected by the third recording layer 40 and emitted through the light incidence plane 15a is detected when 
data recorded in the third recording layer 40 are to be reproduced, each of the second recording layer 30 and the third 
recording layer 40 has a sufficiently high light reflection coefficient so that a signal having a high level can be obtained 
when data recorded in each of them are reproduced. 
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[0106] In this embodiment, each of the second recording layer 30 and the third recording layer 40 contains Zn, Si, S 
and O as a primary component and at least one metal selected from the group consisting of Mg, Al and Ti as an additive. 
In a study done by the inventors of the present invention, it was found that in the case where each of the second recording 
layer 30 and the third recording layer 40 contains Zn, Si, S and O as a primary component and at least one metal selected 
from the group consisting of Mg, Al and Ti as an additive, each of them has a high light transmittance for a laser beam 
L having a wavelength of 380 nm to 450 nm. 

[0107] Further, in this embodiment; the second recording layer 30 and the third recording layer 40 are formed so that 
the ratio D3/D2 of the thickness D3 of the third recording layer 40 to the thickness D2 of the second recording layer 30 
is 0.40 to 0.70. A study carried out by the inventors of the present invention revealed that in the case where the second 
recording layer 30 and the third recording layer 40 are formed so that the thickness D2 of the second recording layer 
30 is larger than the thickness D3 of the third recording layer 40, each of them has a much higher light transmittance 
for the laser beam L having a wavelength of 380 nm to 450 nm. 

[0108], Therefore, according to this embodiment, in the case where data are to be recorded in the first recording layer 
20; since it is possible to suppress the reduction in the power of the laser beam L to the minimum during the period 
required for arrival of the laser=beam ? L:at the first recording layer 20, it is possible: to record data. in the first recording 
layer in a desired manner. On other hand; when data recorded in the first recording layer 20 are to be reproduced, since 
it is possible to suppress the reduction in the power of the laser beam L to the minimum during the period required for 
arrival of the laser beam L reflected by the first recording layer 20 at the light incidence: plane 15a, it is possible to 
reproduce data-recorded in the first recording layer 20 in a desiredimariher. :, f 

[01 09] Further, in a study done by the inventors of the present invention,! it was;found that in the case where each of 
the second recording layer 30 and the third recording layer 40 contains Zn, iSi< . S and O as a primary component and at 
least one metal selected from the groupiconsisting of Mg, Ah and >Ti as an additive andlhe thickness D2 of the second 
recording layer 30 is larger than^thethickness D3 of the third recording layer 40; the refleetioncoefficient of the recording 
layer farther from the light incidence plane 15a with respect to the laser beam Lcan*be;increased. Therefore, according 
to this embodiment, it is possible to reproduce data not only from the first recording layer 20 but also from the second 
recording layer 30 and the third recording layer 40 in a desired -manner. j 

[01 1 0] : 'Further, it is preferable for the amount of the laser beam L absorbed by the second recording layer 30 arid that 
absorbed by the third recording layer 40 to be substantially equal to each other so that laser beams L for recording data 
having substantially same powers are projected onto the second recording layer 30>and the third recording layer 40 and 
data can be similarly recorded therein. 

[01 1 1 J * : Moreover, in-order to similarly reproduce data recorded in the second recording layer 30 and the third recording 
layer 40; it is preferable for the reflection coefficient of the second recording layer 30 with respect to a laser beam L 
focused onto the second recording layer 20 and projected thereonto via the third^eeording layer 40 and the reflection 
coefficient of the third>recordirig layer 40 with respect to the laser beam L focused and projected onto the third recording 
layer 40 to be substantially; equal; - : i , 

[0112] In a study done by the inventors of the present invention, it was found that in the case where the second 
recording layer 30 and the'third recording layer ; 40 are formed so that the second recording layer 30 has a thickness of 
1 5 nm to 50 nm and that the ratio D3/D2- of the thickness D3 of the third recording layer 40 to the thickness D2 of the 
second-recording layer 30 is 0.40 to 0:70, the second recording layer 30 and the third recording layer 40 can be formed 
so that the amount of the laser beamiL absorbed by the second recording: layer- 30 -and that absorbed by the third 
recording layer can be made substantially equal to each other and that the absorption coefficient of the second recording 
layer 30 with respect to the laser beam L having a power and projected thereonto and that of the third recording layer 
with respect to the laser beam L having a power and projected thereonto are sufficiently high, namely^ 10 % to 30 %. 
Therefore, according to this embodiment, it is possible to>record data in the second recording layer and the third recording 
layer in a desired mannier. . , ; . 

[0113] In a further study done by the inventors of the present invention* it was found that in the case where each of 
the second recording Jayer30 and the third recording layer 40 contains Zn, Si, S and 0;as a primary component and at 
least one metal selected from the group consisting of Mg, Al and Ti as an additive, 4he second recording layer 30 has 
a thickness of. 15 nm to 50 nm and the ratio D3/D2 of the thickness D3 of the third recording layer 40 to the/thickness 
D2 of the second recording layer 30 is 0.40 to 0.70, the second recording layer 30 and the. third recording layer 40 can 
be formed so that the reflection coefficient of the second recording layer 30 and that of the third recording layer 40 are 
substantially equal to each other and that each of them has a sufficiently high reflection coefficient. Therefore, according 
to this embodiment, it is possible to reproduce data from the second recording layer 30 and the third recording layer 40 
in a desired manner. 

[01 14] As shown in Figure 2, the light transmission layer 1 5 is formed on the surface of the third recording layer 40. 
[01 15] The light transmission layer 15 serves to transmit the laser beam L and the light incident plane 15a is constituted 
by one of the surfaces thereof. : .• ■ ■ 

[01 1 6] It is preferable to form the light transmission layer 1 5 so as to have a thickness of 30 p.m to 200 i*m. 
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[0117] The material for forming the light transmission layer 15 is not particularly limited and, similarly to the first 
intermediate layer 12 and the second intermediate layer 13, an ultraviolet ray curable acrylic resin is preferably used for 
forming the light transmission layer 15. 

[0118] The light transmission layer 15 may be formed by adhering a sheet made of light transmittable resin to the 

5 surface of the third recording layer 40 using an adhesive agent. 1 

[0119] It is necessary for the light transmission layer 15 to have sufficiently high light transmittance since the laser 
beam L passes through the light transmission layer 15 when data are to be recorded in the first recording layer 20, the 
second recording layer 30 or the third recording layer 40 and when data recorded in the first recording layer 20, the 
second recording layer 30 or the third recording layer 40 are to be reproduced. 

10 [0120] The optical recording medium 10 having the above-described configuration can, for example, be fabricated in 
the following 1 manner • ■ 

[0121] Figures 4to 8 show steps for manufacturing the optical recording medium 10. 

[0122] As shown in Figure 4, the support substrate 1 1 having the groove 11a and the land 1 1b on the surface thereof 
is first fabricated by injection molding using a stamper 60. - : . * 

15 [0123] i' Then; as shown in< Figure 5 >/the reflective film 21, the second dielectric film 22, the first recording film 23a, the 
second recording film 23b and the first dielectric film 24 are sequentially formed using a vapor growth process such as 
a sputtering process on the surface of the support substrate 1 1 formed with the groove 1 ta and the land 1 1b, thereby 
forming the first recording layer 20. - • ■ »*?■• • 

[01 24] : Further, as shown in Figure 6, an ultraviolet ray curable resin is applied onto the first recording layer 20 by a 

2 o spin coating method to^form a coating film and the surface of the coating film is irradiated with an ultraviolet ray via a 
stamper 61 while it is covered by the stamper 61; thereby forming the first intermediate layer 12 formed' with grooves 
^a'and lands 12b on the surface thereof and having 1 a thickness of 5 p.m to 50 jjum. . > • ? 

[0125] The second recording layer 30 is then formed on the surface of the first intermediate layer 12. 
[0126] Further, the second recording layer 30 having a thickness of 15 nm to 50 nm is formed on the surface of the 

25 first intermediate layer 12 by a vapor growth process such as a sputtering process using a target consisting of the mixture 
of ZnS and Si0 2 and a target consisting of at least one metal selected from the group consisting of Mg, Al and Ti; During 
the process for forming the second recording layer 30, the at least one metal selected fronrVthe^group consisting of Mg, 
Al and Tracts on the mixture of ZnS' and SiO^as a reducing agent and as a result, Zn is separated from S and simple 
substances of Zri are uniformly dispersed in the second recording layer 30. ♦-.«.'■ 

30 [0127] On the other hand, although not altogether clear, it is reasonable to conclude that the at least one metal selected 
from the group consisting of Mg, Al and Ti combines a part of S separated from Zn or S contained in ZnS to form a 
compound. » < • ^ 

[01 28] ' In this embodiment, the' mole ratio of ZnS to Si0 2 of the mixture of ZnS and 'SiO^ contained in the target used 
for forrhing the second recording layer 30 is preferably set to be 50:50 to 90:10 and more preferably set to be about 80:20. 

35 [0129]; - In' the case where the mole«ratio of ZnS in the mixture of ZnS and Si0 2 is set equal to or larger than 50 %, the 
reflection coefficient arid the light transmittance of the second recording layer 30 with respect to a laser beam can be 
simultaneously improved and in the case where the mole ratio of ZnS in the mixture of ZnS and Si0 2 is set equal to or 
smaller^than 90 %, iit is possible to effectively prevent cracks' from being generated in the second recording) layer 30 
owing to stress. •• • .'■ s -\ ■ > :•■ i« ■: *v< :;^-r. 

40 [0130] Further, in the case where the mole ratio of ZnS to Si0 2 of the mixture of <ZnS and Si0 2 is set to be about 80: 
20; both of the reflection coefficient and the light transmittance of the second recording layer 30 with respect to a> laser 
beam can be much more improved, while it is possible to more effectively prevent cracks from being generated in the 
second recording layer 30. » '.,<-. »v {. . '. 

[0131]- : ln this embodiment; in the case where Mg is contained in the second recording*layer -30/ the content of Mg is 

45 preferably 18.5 atomic % to 33.7 atomic % and more preferably 20 atomic % to 33;5 atomic ; %v ; •:*■»."■ 

[0132] On the other hand, in the case where Al is contained in the second recording layer 30, the content of Al is 
preferably di atomic % to 40 atomic % and more* preferably 18 atomic % to 32 atomic^ r; 

[0133]' v Further-, 1 iri the case where Ti is contained in the second recording layer 30, the content of Ti is preferably 8 
atdrriic'% to 34 i atomic % and mofe:preferably ; 10 atomic* % to 26?atomic %;•'• - "t - . 
so [0134]- Then; as shown in Figure 8, an ultraviolet ray curable resin is applied onto the* second recording layer 30 by a 
spin coating method to form a coating film and the surface of the coating film is irradiated with an ultraviolet ray via a 
stamper (not shown) while it is covered by the stamper, thereby forming the second intermediate layer 43 formed with 
grooves 13a and lands 13b on the surface thereof. ~ — : 

[0135] r Further, as shown in Figure 8* the third recording layer 40 is formed on the' surface of the second intermediate 
55 layer 13 by a vapor growth process such as a sputtering process using a target consisting of the mixture of ZnS and 
Si0 2 and a target consisting of at least one metal selected from the group consisting of Mg, Al and Ti so that the ratio 
D3/D2 of the thickness D3 of the third recording layer 40 to the thickness D2 of the second recording layer 40 is 0.40 to 0.70. 
[0136] In this embodiment, the same targets as those used for forming the second recording layer 30 are used and 
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therefore, the third recording layer 40 has the same composition as that of the second recording layer 30. 
[0137] Finally, an ultraviolet ray curable resin is applied onto the third recording layer 40 by a spin coating method to 
form a coating film and the surface of the coating film is irradiated with an ultraviolet ray to cure the ultraviolet ray curable 
resin, thereby forming the light transmission layer 15 having a thickness of 30 jxm to 200 jxm. 

5 [0138] This completes the fabrication of the optical recording medium 10. 

[01 39] Data are recorded in the thus constituted optical recording medium 1 0 according to this embodiment as follows. 
[0140] In this embodiment, when data are to be recorded in the optical recording medium 10, the light incident plane 
15a of the light transmission layer 15 is irradiated with a laser beam L having a wavelength of 380 nm to 450 nm and 
the laser beam L is focused onto one of the first recording layer 20, the second recording layer 30 and the third recording 

10 layer 40. .-.».-, 

[01 41] Figure 9 is a diagram showing a pulse train pattern of a laser power control signal for controlling the power of 
the laser beam L when data are to be recorded in the first recording layer 20, the second recording layer 30 or the third 
recording layer 40. ? 

[0142] As shown in Figure 9, the pulse train pattern of the laser power control signal used for recording/data in the 
is first recording layer 20, the second recording layer. 30: or the third recording layer 40 includes pulses whose levels are 
modulated between a level corresponding to the recording power Pw, a level corresponding to the intermediate power 
Pm and a level corresponding to the ground power Pb. 

[0143] The recording power Pw, the intermediate power Pm and the ground power Pb are set so that the recording 
power Pw is higher than the intermediate power Pm and the intermediate power Pm is equal to or higher than the ground 
20 power Pb and the; above mentioned three levels of the pulse train-pattern are determined correspondingly. 

[01 44] When. data are to be recorded! in the first recording layer 20, the laser beam L whose power is modulated in 
accordance with the laser power control signal having the pulse train pattern shown in Figure 9 is focused onto the first 
recording layer 20 and projected thereonto via the light transmission layer 15, the third recording layer 40 and the second 
recording layer 30. 

25 [0145] Figure 10 is a schematic enlarged cross^sectional view showing the first recording layer 20 before data are 
recorded therein andcFigure 11 is.a schematic enlarged cross-sectional view showing the first recording layer 20 after 
data were recorded therein: 

[0146] When the laser beam L is projected onto the first recording layer 20, the first recording film 23a and the second 
recording film 23b included in the first recording layer 20 are heated, whereby Cu contained in the first recording film 
30 23a as a primary component and Si contained in the second recording film 23b are mixed to form a mixed region M. 
Since the reflection coefficient of the mixed region M with respect to the laser beam is different from those of other 
regions, the mixed region M can be used as a record mark. 

[01 47] In this embodiment- since each of the second recording layer 30 and the third recording layer 40 contains Zn, 
Si, S and O as a primary component and at least one metal selected from the group consisting of Mg, Al and Ti as an 

35 additive, the second recording layer 30 has a thickness of 15 nm to 50 nm and the ratio D3/D2 of the thickness D3 of 
the third recording layer 40 to the thickness D2 of the second recordings layer 30 is 0.40'to 0.70,? the second recording 
layer 30 and the third recording layer 40 have sufficiently high light transmittances with respect to the laser beam L. 
Therefore, since it is possible to suppress the reduction in the power of the laser beam L to the minimum when the laser 
beam L passes through the third recording layer 40 and the second recording layer 30, data can be recorded in the first 

40 recordingr layer 20 in a desired manner. 

[0148] On the other hand, in the case where data recorded in the first recording layer 20 are to be reproduced, since 
it is possible to suppress the reduction in the power of the laser beam L to the minimum when the laser beam L passes 
through the third recording layer 40 and the second recording layer 30 and it is possible to suppress the reduction in the 
power of the laser beam L reflected by, the first recording layer 20 to the minimum when the laser beam L passes through 

45 the second recording layer 30 and the third recording layer 40, data recorded in the first recording layer 20 can be 
reproduced in a desired manner. , - ^ 

[0149] Further, in this embodiment,. since the* reflective film 21 is formed betweenthe support substrate 11 and the 
first recording layer 20, the laser beam L reflected by, the reflective film 21 and the laser beam L reflected by the first 
recording layer 20 interfere with each other,. whereby the change in reflection coefficient between before. and after the 
50 recording of data can be increased; Therefore, data recorded in the first recording layer 20 can be reproduced with high 
sensitivity. v ; 

[0150] On the other hand, when.data are to be recorded in the second recording layer<30, the laser beam L whose 
power is modulated in accordance with the laser power control signal having the pulse train pattern shown in Figure 9 
is focused onto the second recording layer -30: and projected thereonto via the light transmission layer 15 and the third 
55 recording layer 40. . . 

[0151] When the laser beam L whose power is modulated to the recording power is projected onto the second 
recording layer 30, the second recording layer is heated and Zn contained in the heated region of the second recording 
layer 30 in the form of a single substance reacts with S, whereby crystalline ZnS grains are formed. As a result, the 
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crystalline ZnS grains nucleate and amorphous ZnS present around the crystalline ZnS grains crystallizes. Since the 
region where the crystalline ZnS grains have formed in this manner has a different reflection coefficient with respect to 
the laser beam having a wavelength of 380 nm to 450 nm from those other regions of the second recording layer 30, it 
can be used as a record mark and data are recorded in the second recording layer 30. 

[0152] When data are to be recorded in the third recording layer 40, the laser beam L whose power is modulated in 
accordance with the laser power control signal having the pulse train pattern shown in Figure 9 is focused onto the third 
recording layer 40 and projected thereonto via the light transmission layer 1 5. 

[01 53] In this embodiment, since the third recording layer 40 has the same composition as that of the second recording 
layer 30, when the laser beam L is projected onto the third recording layer 40, a region of the third recording layer 40 
irradiated with the laser beam L is crystallized and data are recorded in the third recording layer 40 similarly to the second 
recording layer 30. 

[0154] In this embodiment, since each of the second recording layer 30 and the third recording layer 40 contains Zn, 
Si, S and O as a primary component and at least one metal selected from the group consisting of Mg, Al and Ti as an 
additive, the second recording layer 30 has a thickness of 15 nm to 50 nm and the ratio D3/D2 of the thickness D3 of 
the third recording layer 40 to the thickness D2 of the second recording layer 30 is 0.40 to 0.70* the second recording 
layer 30;and the third recording layer 40 can be formed so that an amount of the laser beam L absorbed by the second 
recording Iayen30:and that absorbed by the third recording layer 40 can be made substantially equal to each other and 
that the absorption coefficient of the second recording layer 30 with respect to the laser beam L having a power and 
projected thereonto and that of the third recording layer with respect to the laser beam L having a power and projected 
thereonto are sufficiently high, namely, 10 % to 30 %. Therefore, according to this embodiment, it is possible to record 
data in the second recording layer 30 and the third recording layer 40 in a desired manner. * 

[0155]- In this embodiment, the recording power. Pw of the laser beam L is set for each of; the first recording layer 20, 
theseoond recording?layer 30 and the third recording layer 40 jn which data are -to be recorded. ^ 
[0156] : ' More specifically, when data are to be recorded in the first recording layer 20, the recording power Pw is set 
to such a*level that Cu contained in the first recording film 23a as a primary component and Si contained in the second 
recording film 23b as a primary component can be reliably* mixed by projecting the laser beam L onto the first recording 
layer 20; thereby forming a mixed region M. On the other-hand, when data are to be recorded imthe second-recording 
layer 30 or the third recording layer 40, the recording power is set to such a level that Zn and S contained in the 
second recording layer 30 or the third recording layer 40 can be reliably combined by projecting the laser beam L onto 
the second recording layer 30 or the third recording layer 40; thereby forming ZnS, i 
[0157]- Similarly, the intermediate power Pm and the ground power: Pb of the laser beam L are set for each of thefirst 
recording layer 20, the second recording layer 30 and the third recording-layer 40 in which data are to be recorded. 
[0158] More specifically; when data are to be recorded in the first recording, layer 20, the intermediate power Pm or 
the ground power Pb is set to such a level that Cu contained in the first recording film 23a as a primary component and 
Si contained in the second recording film 23b as a primary component cannot be mixed even when the laser beam L of 
the intermediate power Pm or the ground power Pb is projected onto the first recording layer 20. On the. other hand, 
when data are to be recorded in the second recording layer 30 or the third recording layer 40, the intermediate power 
Pm or the ground power Pb is set to such a level that Zn and S contained in the second recording;layer?3Q\or the third 
recording iayer 40 cannot be combined even when the laser beam L of the intermediate power Pm or the ground power 
Pb isiprojected onto the first recording layer<20. : ? ; ■ • it.-*.,.* . \t 

[0159] In particular, the ground power Pb is set to an extremely low level so that a region heated by the laser beam 
L whose power is set to the recording power Pw can be quickly cooled by switching the level of the laser beam L from 
the recording power Pw to the ground power. Pb. i: ■••*' 

[0160] .-Figure' 12 is a schematic perspective, view showing an optical recording medium that is . another preferred 
embodiment of the present invention and Figure 13 is an enlarged schematic cross-sectional view 1 of the part of the 
optical recording medium indicated by B in Figure 12. : . 

[01:6T]> As shown in Figure =13; the optical: recording medium 100 according to this embodiment includes a support 
substrate 11, a first recording layer 20 formed on the surface of the support substrate 1 1, a first intermediate layer 12 
formed^on the surface of the first recording layer- 20, a second recording layer 30 formed on the surface of the first 
intermediate layer 12, a second intermediate layer 13 formed on the surface of the second recording layer 30, a third 
recording layer 40 formed on the surface of the second intermediate layer 13, a third ; intermediate layer t4 formed on 
the surface of the third recording: layer 40, a fourth recording layer 50 formed on the surface of the third intermediate 
layer 14: and a light transmission layer 15 formed on the surface of the fourth recording; layer 50 and has a similar 
configuration to that of the optical recording medium 1 0 shown in Figures 1 and 2 except that the third intermediate layer 
14 and the fourth recording layer 50 are formed and that the it has four recording layers. 

[0162] The third intermediate layer 14 serves to space the third recording layer 40 and the fourth recording layer 50 
apart by a physically and optically sufficient distance. 

[0163] As shown in Figure 1 3, grooves 1 4a and lands 1 4b are alternately formed on the surface of the third intermediate 
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layer 14. The grooves 14a and/or lands 14b formed on the surface of the third intermediate layer 14 serve as a guide 
track for the laser beam L when data are to be recorded in the fourth recording layer 50 or when data are to be reproduced 
from the fourth recording layer 50. 

[0164] The material for forming the third intermediate layer 14 is not particularly limited insofar as it has a high light 
transmittance for the laser beam.L and an ultraviolet ray curable acrylic resin is preferably used for forming the third 
intermediate layer 14 similarly to the first intermediate layer 12 and the second intermediate layer 13. 
[0165] It is preferable to form the fourth intermediate layer 14 so as to have a thickness of 5 ^.m to 50 jxm and it is 
more preferable to form it so as to have a thickness of 10 fjim to 40 ftm. 

[0166] The fourth recording layer 50 -is formed'on the surface of the third intermediate layer 14 by a vapor growth 
process such as-a sputtering process using a target consisting of the mixture of ZnS and Si0 2 and a target consisting 
of at least one metal selected from the group consisting of Mg f Al and Ti. 

[0167] In this embodiment, the same targets as those used for forming the second recording layer 30 and the third 
recording layer 40 are used and therefore, the fourth recording layer 50 has the same composition as that of each of 
the second recording layer 30 and the third recording layer 40. > 

[01 68] The second recording layer 30, the third recording layer 40 and the fourth recording layer 50 are formed so 
that the second recording layer 30 has a thickness of 20 nm to 50 nm, that the ratio D3/D2 of the thickness D3 of the 
third recording layer 40 to the thickness D2 of the second recording layer 30 is 0:48 to 0:93, that the ratio D4/D2 of the 
thickness D4 of the fourth recording layer 50 to the thickness D2 of the second recording layer 30 is 0:39 to 0.70, and 
the thickness D2 of the second recording layer 30, the thickness D3 of the third recording layer 40 and the thickness D4 
of the fourth recording layer SO satisfy D2>D3>D4. 

[01 69] The inventors of the present invention conducted a study regarding the case where each of the second recording 
layer 30, the third recording layer 40 and the fourth recording layer 50 contains Zn, Si, S and O as a primary component 
and at least one metal selected from the group consisting of Mg; Al and Ti as an additive, the thickness D2 of the second 
recordihg^layer 30, ; the thickness D3 of the third recording layer 40 arid the thickness D4 of the fourth recording layer 
50 satisfy D2>D3>D4. As a result, they found that in such a case each of the second recording layer 30, the third recording 
layer 40 and the fourth recording layer 50 has^a sufficiently high light transmittance with respect to the laser beam L 
Therefore, according to this embodiment, since itis possible to suppress the reduction in the power of the laser beam 
L to the minimum when the laser beam L passes through the fourth recording layer 50, the third recording- layer 40 and 
the second? recording layer 30, data can* be recorded in the first recording layer 20 in a desired manner. On the other 
hand, in the case where data recorded in the first recording layer 20 are to be reproduced, since it is possible to suppress 
the reduction in the;power of the laser beam L to the minimum when the laser beam L passes through the third recording 
layer 40, the second^recording layer 30 andithe fourth recording layer 50 and it is possible to suppress the reduction in 
the power of the laser beam L reflected by the first recording layer 20 to the minimum when the laser beam L passes 
through the second recording Iayen30, the third recording layer 40 and the fourth recording layer 50, data recorded in 
the first recording layer 20 can be reproduced in a desired manner. 

[0170] - Furthermore, the inventors of the present invention carried out a study regarding the case where each of the 
second recording layer 30, the third recording layer 40 and the fourth recording layer SO contains Zn, Si; S and O as a 
primary component and aMeast one metal selected from-the group consisting of Mg, Al and Ti as an additive and the 
thickness D2 of the second recording layer 30, the thickness D3 of the third recording layer 40 and the thickness D4 of 
the fourth recording layer 50 satisfy D2>D3>D4. As a result, they found that in such a case the reflection coefficient of 
the recording layer fartherfrom the light incidence plane 15a with respect to the laser beam Lean be increased. Therefore, 
according to this embodiment, it is possible to reproduce data not only from the first recording layer 20 but also from the 
second recording layer 30, the third recording layer 40 and the fourth recording layer 50 in a desired- manner. 
[0171] Moreover, the inventors of the present invention conducted 1 a study regarding the case where each of ^the 
second recording layer 30, the third recording layer 40 and the fourth recording layer 50 is contains Zn^ Si- S and O as 
a primary component and at least one metal selected from the group: consisting; of Mg, Al and Ti as an additive, the 
second recording layer 30 has a thickness of 20 nm to 50 nm* the ratio D3/D2 of the thickness D3 of the third recording 
Iayer40 to the thiGkness D2 of the second recording layer 30 is 0,48 to 0.93,^ and the ratio D4/D2 of the thickness D4 of 
the fourth recording layer 50 to the thickness D2 of the second recording layer 30 is 0.39 to 0.70 As a result they found 
that in such a case the second recording layer 30, the third recording layer 40 and the fourth recording layer 50 can be 
formed so that the amount of the laser beam L absorbed by the second recording layer 30, that absorbed by the third 
recording layer 40 and that absorbed by the fourth recording layer 50 can be made substantially equal to each other 
and that each of the absorption coefficients of the second recording layer 30, the third recording layer 40 and the fourth 
recording layer 50 with respect to the laser beam L having a power and projected thereonto via the light transmission 
layer 15 are sufficiently high, namely, 10 % to 20 %. Therefore, according to this embodiment, it is possible to record 
data in the second recording layer, the third recording layer and the fourth recording layer 50 in a desired manner. 
[0172] Further, the inventors of the present invention conducted a study regarding the case where each of the second 
recording layer 30, the third recording layer 40 and the fourth recording layer 50 contains Zn, Si, S and O as a primary 
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component and at least one metal selected from the group consisting of Mg, Al and Ti as an additive, the second recording 
layer 30 has a thickness of 20 nm to 50 nm, the ratio D3/D2 of the thickness D3 of the third recording layer 40 to the 
thickness D2 of the second recording layer 30 is 0.48 to 0.93, and the ratio D4/D2 of the thickness D4 of the fourth 
recording layer 50 to the thickness D2 of the second recording layer 30 is 0:39 to 0.70. As a result they found that in 
5 such a case the second recording layer 30, the third recording layer 40 and the fourth recording layer 50 can be formed 
so that the reflection coefficients of the second recording layer 30, the third recording layer 40 and the fourth recording 
layer 50 are substantially equal to each other and that each of them has a sufficiently high reflection coefficient. Therefore, 
according to this embodiment, it is possible to reproduce data from the second recording layer 30, the third recording 
layer 40 and the fourth recording layer 50 in a desired manner. 

WORKING EXAMPLES 

[01 73] Hereinafter, working examples will be set out in order to further clarify the advantages of the present invention. 
15 Working Example 1 

[0174] An optical recording disk sample # 1 was fabricated in the following manner 

[0175] A polycarbonate substrate having a thickness of 1 .1 mm and a diameter of 1 20 mm and formed withgrooves 
and lands on the surface thereof was first fabricated by an injection molding process so that the groove pitch was equal 
20 to 0.32 p,m. 

[0176] Then, the polycarbonate substrate was set on a sputtering apparatus and a reflective film consisting of an alloy 
of Ag, Pd and Gu and having a thickness of <1 00 nm, a second dielectric film containing a mixture of ZnS and Si0 2 and 
having a thickness of 39 nm, a first recording film containing Cu as a primary component; added with 23 atomic % of Al 
and \3 atomic % of Au apd having a thickness of. &nm, a second recording film containing Si as a primary component 

25 and having a thickness of 5 nm and a first dielectric film containing the mixture of ZnS and Si0 2 and having a thickness 
of;20 nm were sequentially formed on the surface of the polycarbonate substrate on which the grooves and lands were 
formed, using the sputtering process, thereby forming a first recording layer on the surface of the polycarbonate substrate. 
[0177J The mole ratio of ZnS 4 to Si(D 2 in the mixture of ZnS and SiQ 2 contained in the first dielectric layer and the 
second dielectric' layer was 80:20. < ' ^ : > » ,v-.- 

30 [0178] Further, the polycarbonate substrate formed with the first recording layer on the surface thereof was set on a 
spin coating apparatus and the third dielectric film was coated with a resin solution prepared by dissolving acrylic ultraviolet 
curable resin in a solvent to form a coating layer while- the polycarbonate substrate was being rotated. Then; a stamper 
formed with grooves and lands was placed on the surface of the coating layer and the surface of the coating layer was 
irradiated. with an* ultraviolet raywia the stamper, thereby curing the acrylic ultraviolet curable resin. A trahsparentiriter- 

35 mediate^layer having a thickness of 1 0 jim and formed with grooves and lands on the surface thereof so that the groove 
pitch was equal to 0.32 fxm was formed by removing the stamper. ^ r ' •'; \ 

[0179] :r Then, the polycarbonate substrate formed* with the first intermediate- layer on the surface thereof was set on 
the sputtering apparatus and a second recording layer having a thickness of 32 nm was formed by the sputtering process 
using a mixture target consisting of the mixture of ZnS and Si0 2 and a target consisting of Mg. - = 

40 [0180] : The mole ratio of ZnS to Si0 2 in theimixture of ZnS ahd'Si0 2 cohtairied iii the target was 80:20; 

[0181] The composition :of the second recording layer was measured by the FP method-using a- fluorescent X-ray 
apparatus "RIX2000" (Product Name) manufactured by Rigaku Corporation, by generating an Xrray under conditions 
of>an X-ray tube voltage of ihe Rh tube of 50 kV and an X-ray tube current of 50 mA. As a result; it was found that \ the 
second?recording layer contained 21:5 atomic %~of Zn, 10*1 atomic % of <Si,v 20.8 atomic % of Mg; 20:1 atomic % of O 
and 27.5 atomic % of S. Since O was contained in the polycarbonate substrate, the content of O was determined'td be 
about double ^ the content of St; assuming that O combined with Si to ^fbrrn Si0 2 : 

[0182] Then; similarly to the manner of forming the first intermediate layer on the first recording layers a second 
intermediate layer having a thickness of 10 \xm was formed by the 1 sputtering process on the second recording layer 
ahdt similarly ito the manner of forming the second recording layer on the first intermediate layer, a third recording layer 

50 having a thickness of 24 nm was formed by the sputtering process on the second intermediate layer. 

[0183] Further, similarly to the manner of forming the first intermediate layer on the first recording layer, a third inter- 
mediate layer having a thickness of 10 ^m was formed by the sputtering process on the second recording layer and 
similarly to the manner of forming the second recording layer on the first intermediate layer, a fourth recording: layer 
having a thickness of 18 nm was formed by the sputtering process on the third intermediate layer. 

55 [01 84] Finally, the fourth recording layer was coated using the spin coating method with a resin solution prepared by 
dissolving acrylic ultraviolet curing resin in a solvent to form a coating layer and the coating layer was irradiated with 
ultraviolet rays, thereby curing the acrylic ultraviolet curing resin to form a protective layer having a thickness of 85 n-m. 
[0185] Thus, the optical recording disk sample # 1 was fabricated. 
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[0186] Then, the optical recording disk sample # 1 was set in an optical recording medium evaluation apparatus 
"DDU1000" (Product Name) manufactured by Pulstec Industrial Go., Ltd. and data were recorded as follows. 
[01 87] A blue laser beam having a wavelength of 405 nm was used as a laser beam for recording data and the laser 
beam was condensed onto the first recording layer, via the light transmission layer using an objective lens having a 
numerical aperture of 0.85, thereby forming record marks each having a length of 2T in the (1 ,7) RLL Modulation Code 
and record marks each having a length of 8T in the first recording layer under the following signal recording conditions. 
[0188] Further, the laser beam was condensed onto the first recording layer via the light transmission layer and data 
were recorded therein by randomly combining record marks having a length of 2T to 8T. 

[0189] As a laser power control signal for controlling the power of the laser beam, the pulse train pattern shown in 
Figure 9 was used so that the recording power Pwoi the laser beam was set to 5 mW, the intermediate power Pm was 
set to 4 mW and the ground power Pb was set to 3 mW. 

[0190] Further, data were sequentially recorded in the first recording layer by increasing the recording power Pw of 
the laser beam little by little in the range of 5 mW to 12 mW 

Modulation Code: (1,7) RLL 
Linear recording velocity: 5.3 m/sec 
Channel bit length: 0.12 p.m 
Channel clock: 66 MHz 
Recording Track: On-groove recording 

[0191] Then, the laser beam whose power was set to the reproducing power was projected onto the first recording 
layer of the optical recording disk sample #1 using the above mentioned optical recording medium evaluation apparatus, 
thereby reproducing data recorded in a track between two tracks in.which data were recorded and the reflection coefficient 
of a region where no record mark was formed; a C/N ratio of a signal obtained by reproducing data recorded by forming 
record marks each having a length of 2T, a C/N ratio of a signal obtained by reproducing data recorded by forming record 
marks each having a length of 8T and clock jitter of a signal obtained by reproducing data recorded by randomly forming 
record marks having lengths of 2T to &T were measured - 

[0192] Since the optical recording disk sample #1 had four recording layers and the laser beam projected onto the 
first recording layer and reflected from the optical recording disk sample #1 included the laser beam reflected by the 
second recording layer* the third recording layer and the fourth recording layer in addition to the laser beam reflected 
by the first recording layer, influence of the laser beam reflected by the second recording layer, the third recording layer 
and the fourth recording layerwas* removed in the following manner and the reflection coefficient of the first recording 
layer was measured. » * 

[0193] Specifically, an optical recording disk sample including only a single recording layer and optical recording disk 
samples including two recording. layers laminated via an intermediate layer of different thickness were prepared and the 
reflection coefficient of the single recording layer of the optical recording disk sample including the single recording layer 
was measured; Then. the reflection coefficient of the farther recording layer from the light incidence plane of each of the 
optical recordingdisk samples having two recording layers was measured and compared with that of the optical recording 
■disk sample. .v. r'"'' - ■ * ■■ 

[0194] As a result, it was found that in the, case where the intermediate layer had a thickness of 10 mm, 8 % of the 
reflection coefficient of the farther recording layer from the light incidence plane was caused by the laser beam reflected 
by the closer recording layer to the light incidence plane and that in the case where the intermediate layer had a thickness 
of 15 mm; 2 % of the reflection coefficient of the farther recording layer from the light incidence $plane was caused: by 
thelaserbeam reflected by the closer recording layerto the light incidence plane. Based on these results, the influences 
of the second recording layer, the third recording layer and thefourth recordinglayer of the optical recording disk sample 
#1 on the reflection coefficient of the first recording layer were calculated and the reflection coefficient of the first recording 
layer was calculated by subtracting the influences of these recording: layers from the amount of the laser beam reflected 
f rom the optical recording disk sample #1 when the laser beam was projected onto the first recording layer. 
[0195] The C/N ratios of the reproduced signals were measured using a spectrum analyzer - spectrum analyzer XK 180" 
(Product Name) manufactured by Advantest Corporation. 

[0196] The fluctuation o of a reproduced signal was measured using a time interval analyzer and the clock jitter was 
calculated as a/Tw, where Tw was one clock period. When the clock jitter was measured, a limit equalizer was used 
and jitter was measured for 4 ms. 

[0197] When data were reproduced, the laser beam having a wavelength of 405 nm and an objective lens having a 
numerical aperture of 0.85 were used and the reproducing power of the laser beam was set to 0.7 mW. 
[0198] Further, the recording power Pwo\ the laser beam at which the C/N ratio of a signal obtained by varying the 
recording power Pw of the laser beam from 5 mW to 12 mW and reproducing data recorded in the first recording layer 
of the optical recording disk sample #1 was minimum was measured and the C/N ratio and jitter of a signal obtained by 
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reproducing data recorded in the first recording layer of the optical recording disk sample #1 at the recording power Pw 
were measured. 

[0199] The results of the measurement are shown in Table 1 . 

[0200] Then, the laser beam was sequentially projected onto the second recording layer, the third recording layer and 
the fourth recording layer of the' optical recording disk sample #1 using the above mentioned optical recording medium 
evaluation apparatus, thereby forming record marks each having a length of 2T in the (1 ,7) RLL Modulation Code and 
record marks each having a length of 8T. 

[0201] Further, the laser beam was sequentially projected onto the second recording layer, the third recording layer 
and: the fourth recording layer of the optical recording disk sample #1 using the above mentioned optical recording 
medium evaluation apparatus, thereby randomly forming record marks having lengths of 2Tto 8T to record data therein. 
[0202] As a laser power control signal for controlling the power of the laser beam, the pulse train pattern shown in 
Figure 9 was used with the recording power Pwo\ the laser beam set to 5 mW, the intermediate power Pm set to 4 mW 
and the ground power Pb set to 3 mW -.-j. 

[0203] Further, data were sequentially re corded i n the second record i ng l ayer ^ th e third recording layer and the fourth 
recording layer of the optical recording disk sample #1 by increasing the recording power Pw oiXhe laser beam little by 
little in the range of 5 mW to 12 mW, similarly to the case of recording data-in the first recording layer of the optical 
recording disk sample #1. ' .... 

[0204] Then, the laser beam whose power was set to the reproducing power was sequentially projected onto the 
second recording Jayer; the third recording layer and the fourth recording layer of the optical recording disk sample #1 
using the above mentioned optical recording medium evaluation apparatus, whereby the reflection coefficient of a region 
where, no -record mark was formed, a C/N ratio of a signal obtained by reproducing data recorded by forming record 
marks each having a length of 2T, a C/N ratio of a signal obtained by reproducing data recorded by forming record marks 
each having a length of 8T and clock jitter of a signal obtained by reproducing data recorded by randomly forming record 
marks having lengths of 2T to 8T were measured. 

[0205] When data were reproduced, similarly to the case of reproducing data recorded in the first recording layer, data 
recorded in a track between two tracks in which data were recorded were reproduced. 

[0206] The reflection coefficients of the second recording layer, the thjrd recording layer and the fourth recording layer 
of the optical recording disk sample #1 were calculated similarly to the case of calculating the reflection coefficient of 
the first recording layer. 

[0207] Further, the recording power Pw of the laser beam at which the C/N ratio of a signal obtained by varying the 
recording power Pwof the laser beam from 5 mW to 12 mW and reproducing: data recorded in each of the second 
recording layer, the third recording layer and the fourth recording layer of the optical recording disk sample #1 was 
minimum was measured and the G/N ratio and jitter of a signal obtained by reproducing data recorded in each of the 
second recording layer, the third recording layer and the fourth recording layer of the optical recording disk sample #1 
at the recording power Pw were measured. ~ 
[0208] The results of the measurement are shown in Table 1 . 

>■ ■ ;\ : Table If , * : . •• •/ • ■.. ■« i " % 
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[0209] As shown in Table 1, the reflection coefficients.of. regions of the first . recording layer, the second recording 
layer, the third recording layer and the fourth recording layer of the optical recording disk sample #1 where no record 
mark was formed were 4. ft %, 3.7 %, 5.4 % and 4.7 %, respectively, and it was found that the reflection coefficients of 
regions of Jhe first recording layer, the second recording layer, the third recprdingjayer v arid the fourth recording layer 
of the optical recording disk sample #1 were equal to or .higher than 3.0 % and sufficiently high. 
[021 6], Further, as shown in Table 1 , it was found that the C/N ratio of the signal obtained by reproducing data recorded 
by forming record marks each having a length of 2T in each of the first recording layer, the second recording layer, the 
third recording layer and the fourth recording layer of the optical recording disk sample #1 was equal to or higher than 
39 dB, that the C/N ratio of a signal obtained by reproducing data recorded by forming record marks each having a 
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length of 8T in each of the first recording layer, the second recording layer, the third recording layer and the fourth 
recording layer of the optical recording disk sample #1 was equal to or higher than 49 dB and that reproduced signals 
having high C/N ratios could be obtained. 

[021 1] Moreover, as shown in Table 1 , jitter of the signal obtained by reproducing data recorded by randomly forming 
record marks-having lengths of 2T to 8T in each of the first recording layer, the second recording layer, the third recording 
layer and the fourth recording layer of the optical recording disk sample #1 was equal to or lower than 11% and reproduced 
signals having low jitter could be obtained. 

[0212] * Then, the state of the. fourth recording layer of the optical recording disk sample #1 was inspected as follows. 
[0213] First, optical recording disk samples #1-1 , #1-2 and #1-3 were fabricated in the manner of the optical recording 
disk sample #1 and data were recordedJn a part of the fourth recording layer of each of the optical recording disk samples 
#1-1 , #1 -2 and #1 -3 similarly to the case of recording data in the optical recording disk sample #1 . • < . 
[0214] The optical recordingidisk sample #1-1 was incised usings a cutter to peel the light transmission layer, thereby 
exposing the fourth recording layer to the outside. Then, a dielectric film having a thickness of 20 nm and containing 
'^2^3 as a primary component and a metahfHm having a thickness of 100 nrrvand containing Al as a primary component 
weresequentially formed on the exposed fourth recording layer by the ^sputtering; process. 

[021 5] Then; a hole having a diameter of about,2 mm was formed in the dielectric film and the metal film of the optical 
recording disk sample #1-1 by locally sputtering the surface of the metal film, thereby exposing the fourth recording layer 
to the outside. - - -....>..•■ • f. 

[0216] Further,- energy spectrums in a region of the fourth recording layer of the optical recording disk sample #1-1 
where a record mark was formed and a region thereof where no record mark was formed were measured using an Auger 
spectrum analysis apparatus "SAM680 M (Product Name) manufactured by ALV AC-PHI, Inc. under the following meas- 
urement conditions; .1 ."--I • - f 

Acceleration voltage: 5 kV r • 

Tilt; 30 degrees ^ - ■* > ■* ; :; ? : . 

Sample current: 10 nA ■ r.- 
Arion beam sputter-etching acceleration voltage: 2 kV : -t.-j:;- 

[0217] The energy spectrum in which a metal energy spectrurn and a compound energy spectrum appeared to be 
mixed was measured at the region where no record mark was formed and, on the other hand, only the compound energy 
spectrum was measured at the region where the record mark was formed. » 
[021 8] v Then* the optical recording disk sample #1 -2 was incised using a cutter to remove the light transmission layer, 
the fourth recording layer and the third intermediate layer and the thus removed light-transmission layer, fourth. recording 
layer and third intermediate layer were bonded onto a slide glass using an ultraviolet ray curable resin in such a manner 
that the light transmission layer was brought into contact with the slide glass. : ; 

[0219] Further, light absorption coefficients with respecttto a laser beam having a wavelength of 405 nm of a region 
of the fourth recording layer of the optical recording disk sample #1-2 where the record mark was formed and a region 
thereof where no record mark was formed were measured using an optical film thickness measuring apparatus "ETA- 
FH^XPrpduct tyame).manufactu^ - ~ 

[0220] The light absorption coefficient of the region where no record mark was formed was 1 7 % and that of the region 
where the record mark was formed was 13 %. 

[0221] It was reasonable to conclude that the light absorption coefficient of the region where the record mark was 
formed was lower than that of the region where no record mark was formed because free electrons, of Zn absorbing 
much light combined with S to form a compound, whereby the number of free electrons of Zn decreased in the region 
where the record mark was formed. 

[0222] Then, the optical recording disk sample #1-3 was cut using a microtome to form a sample for a transmission 
electron microscope and the electron diffraction pattern of the fourth recording layer was measured using a transmission 
electron microscope "JEM-3010" (Product Name) manufactured by JEOL LTD. The acceleration voltage was set to 300 kV 
[0223] As a result, a broad diffraction ring of ZnS was observed at the region of the fourth recording layer of the optical 
recording disk sample #1 -3 where no record mark was formed and, on the other hand, a spot of ZhS was observed at 
the region thereof where the rebbrd m^ ' ,} 

[0224] } From i'the above experirnehW, it was reasonable to conclude that Zn was present in the form of a simple 
substance and a compound with S at the region of the fourth recbVding Iciyer where no record mark was formed, namely, 
the fourth recording layer before data were recorded, arid that crystals of ZnS formed by the combihation of Zn and S 
were present at the region of the fburth recording layer where the record mark was formed, namely, the fourth recording 
layer after data were recorded. 
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Working Example 2 
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[0225] A polycarbonate substrate having a thickness of 1.1 mm and a diameter of 120 mm was set on a sputtering 
apparatus and a recording layer having a thickness of 1 8 nm was formed on the polycarbonate substrate by the sputtering 
process using a mixture target consisting of the mixture of ZnS and Si0 2 and a target consisting of Mg, thereby fabricating 
an optical recording disk sample #2; 

[0226] . The mole ratio of ZnS to SiG> 2 in the mixture otZnS and Si0 2 contained in the target was 80:20. 
[0227] The composition of the recording layer of the optical recording disk sample #2 was measured similarly to in 
Working Example 1. It was found that the recording layer contained 21.5 atomic % of Zn, 10.1 atomic % of Si, 20.8 
atomic % of Mg, 20.1 atomic % of O and 27.5 atomic % of S. ; 

[0228] Then, a polycarbonate substrate having a thickness of 1.1 mm and a diameter of 120 mm was set on a sputtering 
apparatus and a recording layer having a thickness of 24 nm was formed on the polycarbonate substrate by the sputtering 
process using a mixture target consisting of the mixture of ZnS and Si0 2 and a target consisting ofMg; thereby fabricating 
an optical recording disk sample #3. 

[0229] The mole ratio of ZnS to Si0 2 in the mixture of ZnS and Si0 2 contained in the target was 80:20. 
[0230] The composition of the recording layer of the optical recording disk sample #3 was measured similarly to in 
Working Example 1. It was found that the recording layer contained 21.5 atomic % of Zn, 10.1 atomic % of Si, 20.8 
atomic % of Mg, 20.1 atomic % of O and 27.5 atomic % of S. 

[0231] Further, a polycarbonate substrate, having a thickness of 1.1 mm and a diameter of 120 mm was set on a 
sputtering apparatus and a recording layer having a thickness of 32 nm was formed on the polycarbonate substrate by 
the sputtering process using a mixture target consisting of the mixture of ZnS and Si0 2 and a target consisting of Mg, 
thereby fabricating an optical recording disk.sample #4. 

[0232] The mole ratio of ZnS to Si0 2 in the mixture of ZnS and Si0 2 contained in the target was 80:20. 
[0233] The composition of the recording layer of the optical recording disk sample #4 was measured similarly to in 
Working Example V.' It was found that th# atomic % of Zn, 10.1 atomic % of Si, 20.8 

atomic ^ of Mg;i20. t atomic ^ *-<?;■»■■■■ 

[0234] A laser beam was'seqti samples #2 to #4 using the above 

mentioned optical film thickness Measuring ap|Saratusa^ transmittance ti of the recording layer of the optical 

recording disk sample #2, the light transmittance T2!^f^ layer of the optical recording 'disk sample #3 and 

the light trahsmfttahce T3 of the recording layer of the optical recording disk sample #4 were measured: 
[0235]- '*' the results of the measurement are Shown iii Table' £ ' • ^ 



Table 2 
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light transmittance(%) 


sample #2 ; 


80 - •- ■ ■ *■ 


sample #3 V 


69 


' sample #4 


- 63 i • 



[0236] As shown in Table 2, the light transmittance T1 of the recording layer of the optical recording disk sample #2, 
the light transmittance T2 of the recording layer of the optical recording disk sample #3 and the light trapsmiftance T3 
of the recprding iaiyer oif the optical recording disk sample #4 we re 80 %, 69 % and 63 °/o, respectively, and they exceeded 

fin °A QPirl u/Dro uoru hirth 



60 % and were very high. 



Working Example 3 



[0237] An optical recording disk sarnple #5 was fabricated in the manner of me optical recprding disk sample #1 except 
that when the second recbrcl(ng layer, the third recording layer and the fourth recording layer were formed using a target 
consisting of a mixture of La 2 p3, SiQ 2 and Si 3 N 4 . whose mole ratio was 20:30:50 instead of the target consisting of the 
rnixture pi ZnS arid Si0 2 wa§. 80:20 Wthai tfie second recording layer had thickness of 28 nm, the third recording layer 
had a tHiclcness of 18 nm and the fourth recording layer had a thickness of 15 nm. 

[0238] ' the comjx>sitiohs 'of the" second, recording layer, the third recprding layer and the fourth recording layer of the 
optical recording disk sample #5 were measured similarly to in Working Example 1 . It was found that each of the second 
recording layer, the third recording layer and the fourth recording layer contained 6.2 atomic % of La, 24.1 atomic % of 
Si, 23. 1 atomic % of Mg, 24.6 atomic % of O and 22.0 atomic % of N. 

[0239] Since O is contained in the polycarbonate substrate, the content of O was determined as follows. The content 
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of Si combined with N in Si 3 N 4 was first calculated based on the content of N contained in the optical recording disk 
sample #5 and the thus calculated content of Si was subtracted from the content of Si contained in the optical recording 
disk sample #5, thereby calculating the content of Si in Si0 2 . The content of O in SiOg was calculated by doubling the 
content of Si in Si0 2i Then* the content of O combined with La in La 2 03 was calculated based on the content of La 

5 contained in the optical recording disk sample #5 and the content of O contained \n the/ optical recording disk sample 
#5 was calculated by adding the content of O combined with Si in Si0 2 to the content of O combined with La in La 2 0 3 . 
[0240] Then; the above mentioned optical recording medium evaluating apparatus was used to sequentially project 
a laser-beam whose power was set to the reproducing power onto the first recording layer, the second recording layer, 
the third recording layer and the fourth recording layer of the optical recording disk sample #5 and the reflection coefficients 

to thereof where no record mark was formed were measured. The reproducing power of the laser beam was set to 0.7 mW 
[0241] The reflection coefficients of the first recording layer; the second recording layer, the third recording layer and 
the fourth recording layer of theoptical recording diskisample #5 were measured in the manner of Working Example 1. 
[0242] The results of the measurement are shown in Table 3. 

15 .., .. Table 3 





reflection boetfficient (%) 


fourth recording layer 


, 3.6 . ... , 


third recording layer 


-.- ' 4:8 ' i: • 


.second recording, layer 


. . ... 4.3. .... ^ . Vf . j4 


first recording layer 


- • 3.3 ,• 



25 [0243] As shown in fable 3, me reflection coeff^ ofthe first recording layer, the ; second recording layer, the.third 
recording layer and the fourth recording layer of the optical recording disk sample #$ where no record mark was formed 
were 3 ; 3 %, ; 4-3 %, 4.8 % and 3.3 %, resp^ the first 

repo/djng layer, the seppn recording la>jer.and.t^ 

. di?K .sample; #5,-^^ e.q ual, j?'?X^(9h e . r , 3$ ,% and sufficient VIi (> .*,.,. \\. ^ 

30 [0244] Then, the fourth recording layer, pf the optical recording disk sample ; #5 was inspected similarly to in Working 
Example 1 . Compounds of La and 6 were observed at the .region of the fourth recording laye^T onto which the laser beam 
for recording data was projected and in which a record mark was formed. 

Working Example 4 

35 • . - \/ ' , 

[0245] An optical recording disk sample #6 was fabricated in the following manner. 

[0246] Similarly to in Working Example 1 , a polycarbonate Substrate was fabricated and a first recording layer and a 
first intermediate layer were sequentially formed on the surface of the polycarbonate substrate. 

[0247] Then, the polycarbonate substrate formed with the first recording layer and the first intermediate layer on the 
40 surface thereof was set on a sputtering apparatus and a second recording layer having a thickness of 35 nm was formed 
on the surface of the fi rst intermediate layer by the sputtering process using a target consisting of ZnS and a target 
consisting oifMgr^ 1 x '' ' 5;i ■ :v ' ; "* , '- 1 11 - ' ""• l -' th - ¥ :t " ,:> •? mm*^- ,* \-.%- ! - •>■•.* : ■ . 

[0248] ^he* composition of the second recording layer was inspected similarly to in Working Example i . It was found 
that the second f ecbrdiriglayer contained '3S>. X atbmic'%'of 2n;'"i7.b' atomic '%'bfs ana 1&§ atomic °}o of Mg. 

45 [0249] Then, similarly to the manner of forming the first intermediate layer on the first recording layer, a second 
intermediate layer having a thickness of 10 p,m was formed by the sputtering process on the second recording layer 
and similarly to the manner of forming the second recording layer on the first intermediate layer, a third recording layer 
having a thickness of 21 nm was formed by the sputtering process on the second intermediate layer. 
'[0250] ^ The compbsite toWfa^ was found that 

50 the third jecording liayer contained 39.1 atomic % of Zn, 47 0 iator^ic Vo of S and 1 3*9 atomic' °/o of Mg 

[0251] Further, Similarly to the manner of forming the first intermediate layer on the first recording layer, a third inter- 
mediate layer having si thibkne^s of 10 jlm : yiras formed by the sputtering' on tne secbnb recording layer and 
simijarly to the manner of forming thfe second recording layer on thb first intermediaite liayer v a fourth recording layer 
having a thickness of 17 nm was formed ^ 

55 [0252] The composition of ttie fourth recording Iciyer was inspected s[m Example 1 . It was found 

that the fourth recording layer contained 39:1 atomic % of Zn, 47.6 atomic % of S and 13:9 atomic % of Mg. 
[0253] Finally, the fourth recording layer was coated using the spin coating method with a resih solution prepared by 
dissolving acrylic ultraviolet curing resin in a solvent to form a coating layer arid the coating layer was irradiated with 



20 



EP 1 437 724 B1 



ultraviolet rays, thereby curing the acrylic ultraviolet curing resin to form a protective layer having a thickness of 70 pm. 
[0254] Thus, the optical recording disk sample # 6 was fabricated. 

[0255] Then, an optical recording disk sample #7 was fabricated in the manner of the optical recording disk sample 
#6 except that the electric power used in the sputtering process was changed and the second recording layer, the third 
recording layer and the fourth recording layer were formed so that each of them contained 34.8 atomic % of Zn, 44.2 
atomic % of S and 20.0 atomic % of Mg;/ 

[0256] Further, an optical recording disk sample #8 was fabricated in the manner of the optical recording disk sample 

#6 except that the electric power used in the sputtering process was changed and the second recording layer, the third 

recording .layer and the fourth recording layer were formed so that each of them contained 32.9 atomic % of Zn, 42.8 

atomic % of S and 24.3 atomic % of Mg. r ' " f i 

[0257] Then, an optical recording disk sample #9 was fabricated in the manner of the optical recording disk sample 

#6 except that the electric power used in the sputtering process was changed and the second recording layer, the third 

recording layer and the fourth recording layer were formed so that each of them contained 28!9>^atomic % of Zn, 37.6 

atomic % of S arid 33.5 atomic % of Mg. . * ,,. 

[0258] Further, an optical recording disk sample #10 was fabricated in the manner of the optical recording disk sample 

#6 except that the electric power used in the sputtering process was changed and the second recording layer, the third 

recording layer and the fourth recor^ipg !a^^ each of them contained' 29. 9^atomic % of Zn, 30.2 

atbrhib % of S alid'39^9 atomic %^rlvlgr ' ] * ! ' ' " ' u . " ' 

[0259] Then/ the above mentioned [ optical recording medium evaluation apparatus was used to condense a laser 

beam onto the fourth recordirig lay^ 

rnarks each having a length bYSTWere formed; thereby "recording data therein, the recording power Pw of the laser 
b^m was l setVo 5 mW 1 ' - m • > * .. , , r ... o . 

[02'£b] * Further, date in the fourth recording iayer of the optical remi^ng'dis^-s^pTe #6 

•by increasing 'fHe r recording power Pw of the laser beam little by little in the range of 5 hrivV to AZ rriw "* 
[0261] Then, a laser beam whose power was set to the reproducing power was projected using the above mentioned 
optical recording medium evaluation apparatus onto the fourth recording layer of the optical recording disk sample #6, 
whereby data recorded in the fourth recording layer were reproduced and the C/N ratio of the reproduced signal was 
measured. The reproducing power of the laser beam was set to 1 .0 mW 

[0262] Further, the recording power Pw of the laser beam at which the C/N ratio of a signal obtained by varying the 
recording power Pw of trie laser Beam from 5 rhW to iS'm%^nd reproducing data recorded iii the fourth recording layer 
of the optical recording disk sample #6 was minimum was measured and the C/N ratio of a signal obtained by reproducing 
data'recorded ih'lhe.'fodrth/recording' layer'of the optical recording disk sample #6 at the recording power was 
measured ' : ' ; " '"' ' ' ; 1 ?; " u . 

[0263] The results of the s measurement are show / , 

[0264] Then, the above mentioned optical recording medium evaluation apparatus was used to^quentialry'fpcus a 
laser beam onto the first recbrdVng layer, the secorid recording layer and the third recording layer of tlfebptfcaj recording 
disk sample '#6 and whether or riot the laser beam'bould be focused onto eactidf the first recording layer, ihe second 
recording layeK r / n ' ' Ui ^ ?JVv ' ^ : '" vl " v 

[0265] . The results of the judgment are shown in Table 4. _ 
[0266) In Table 4, the evaluation ^ laser beam could be focused onto^allpf the first recording 

layer, the second recording layer and the third recording layer or the optical recording disk sample #6ar^tne?evaluation 
"BAD" indicates that the laser beam could riot be 'focused onto at least one of the first recording layer, r tHe second 
recording layer andjhe third recording layer of the optical recording disk sample #6. 

[0?67] Then, the above W recording mediurn evaluation ^paratus was used to sequentially project 

a laWer beam wHbse recdrdihg^^r i^w was set'tb S TnW onto the s fbu^K recbrdihg layers^ of the bpticar recording disk 
samples #7 to #iti and record Having 1 ^length of / thereby recbrd^ 1 " M " ; / 

[0268] Further, data were sequentially recorded in the fourth recording layer of each of the optical recording' disk 
samples #7 to &10 by ihbrbisihgtHe the laser beam little by little iii \Uelrange 'of £ mW to 12 rnW 

[0269] \'fhehV'da^ifero$^ in trie j^itrV recording laybr of each of the optical recording disfc samples #7 to'lj'p were 
reproduced using the above mentioned optical recbFding medium evaluation apparatus arid \he p/lSI ratip 1 of the repro- 
duced signal was measured. Further, the above mentioned optical recording medium evaiuatio^ 
to sequentially focu^ the laser beam onto the * first recording layer, the second recording layer and the^thiW recording 
layer of each of the optical recording disk samples #7 to #10 and whether or hot the laser beam could be focused onto 
each of the first recording layer) the second recording layer and the third recording layer in a desired manner was judged. 
[0270] Further, the recording power Pw of the laser beam at which the C/N ratio of a signal obtained by varying the 
recording power Pwp( the laser beam from 5 mW to 12 mW and reproducing data recorded in the fourth recording layer 
of each of the optical recording disk samplbs #7 to #10 was minimum was measured and the C/N ratio of a. signal 
obtained by reproducing data recorded in the fourth recording layer of each of the optical recording disk samples #7 to 
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#10 at the recording power Pw were measured. 

[0271] The results of the measurement and the judgment are shown in Table 4. 



Table 4 
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composition (atomic%) 


recording power (mW) 


8T:C/N (dB) 


focusing 


Zn 


S 




sample #6" 


"39.1 


47.0 


13.9 


12 


10.6 


GOOD 


sample #7 


34.8 


44.2 


20.0 


12 


40.7 


GOOD 


' sample #8- 


32.9 


42.8 


24,3v 


10 


49.1 


GOOD 


sample #9 


28.9 


'37.6 


33.5 


7 


48.8 


GOOD 


sample #10 


29.9 


30.2 


39.9 


7 


43.4 


BAD 



[0272] As shown in Table 4, it was foun^ #7 4 tp#9 containing 20 atomic % 

to 35 atomic % of Mg, the C/N of the signal obtained by reproducing data recorded in the fourth recording layer of each 
of them was equal to or higher than 40 dB and that the laser beam could be focused onto the first recording layer,,the 
second recording la^ 

[0273] To the contrary, it was found that in the ^ disk sample #6 containing less than 20 atomic % of 

Mg, the C/N of the signal obtained by reproducing data recorded in the fourth recording layer thereof was lower than 40 
dB and [that in the.optical recording disk sample #10 containing more than 35 atomic % of Mg, the laser beam could not 
be focused onto the first recbrdi ng .We.f\ the ; second recording 'layer and the third recording layer thereof in a desired 
manner. 

Working Example 5 

[0274] An optical recording disk sample #11 was fabricated in the manner of the optical recording disk sample #6 
except that the^secorid recording Iciyer, the third recording layer and the fourth recording layer were formed using a 
target consisting of Al instead of the .target consisting of Mg.' 

[0275] The compositions of the second recording layer, the third recording layer and the fourth recording layer pf the 
optical recording disk sample #11 were measured simiiairly to in Working Example 1 . It was found that each of the second 
recording layer, the third recording layer and the fourth recording layer contained 39.7 atomic % of Zn , 50.3 atomic % 
of Sand, 10,0 ;atomic %ofAl. , . \ ..' \ ■ 

[0276] Further, an optical recording disk sample #12 was fabricated jn the manner of the optical recording disk sample 
.#11 except that the electric power used in the sputtenng process was changed and the second recording layer, the third 
recording layer and the fourth recording layer were formed SQ that each of them contained 35 7 atomic % of Zn, 45,4 
atomic % of S and 18.9 atomic % of Al.' r> ' ! ' ; - . . .- ; ' ' ' ; 

[0a77] Then. ^ n op^ica^recording disk fabricated jn the manner of -.the optical recording disk sample 

#1 1 except that the eleptnc power used in the sputtenng process was changed and the second recording layer, the third 
recording layer and thelbur^Veboridihg layer were formed so that each of them contained 32.8 atomic % of Zn, 41.6 
atomic % of S and 25.6 atomic % of Al. 

[0278] ( further, an optical recording, d'sksam recording disk sample 

#1.1 except that the electric power used in the sputtering process was changed and the second recording layer, the third 
recording layer and the fourth^ecdrdihg each of them contained 29 7 atomic % of Zn, 39.0 

atomic % of S an^ J . ■' . '.V "'.!°: W 

[0279] Then : an pptical recording disk sample #15 was fabricated in the manner of the optical recording disk sample 
#1 1 except that the electric power used in the sputtering process was changed and the second recording layer, the third 
recording layer and the $>d|f^\r^r^hg layer were formed so that each of them contained 25.3 atomic % of Zn, 33.5 
atomic % of S and 41.2 ^ol^ic%/^^. s ] 

[0280] further^ similarly to in jthg Working Example 4, the above mentioned optical, recording medium evaluation 
apparatus was used to condense a. I^ser beam onto the fourth recording layer of each of the optical recording disk 
samples #11 to #15 via the light transmission layer and record marks each having a length of 8T were formed, thereby 
recording data therein, The recording power Piy of the laser beam was set tp5 mW. . 

[0281] Furthermore, data were sequentially recorded in the fourth recording layer of each of the optical recording disk 
samples #1 1 to #15 by increasing the recording power Pw of the laser beam little by Tittle in the range of 5 mW to 12 mW. 
[0282] Then, similarly to in the Working Example 4, data recorded in the fourth recording layer of each of the optical 
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recording disk samples #11 to #15 were reproduced using the above mentioned optical recording medium evaluation 
apparatus and the C/N ratio of the signal reproduced from each of them was measured. 

[0283] Further, the recording power Pw of the laser beam at which the C/N ratio of a signal obtained by varying the 
recording power Pivof the laser beam from 5 mW to 12 mW and reproducing data recorded in the fourth recording layer 
of each of the optical recording disk samples #11 to #15 was minimum was measured and the C/N ratio of a signal 
obtained.by reproducing data recorded in the fourth recording layer of each of them at the recording power Pwwere 
measured. 

[0284] Then, similarly to the Working Example 4, a laser beam was focused using the above mentioned optical 
recording medium evaluation apparatus onto the first recording layer, the second recording layer and the third recording 
layer of each of the optical recording* disk samples #11 to #15 and whether or not the laser beam could be focused onto 
therfirst recording layer, the second recording layer and the third recording layer of each of them in a desired manner 
was judged; ■ ' « *-a . - v 

[0285] The results of the measurement and the judgment are shown in Table 5. 
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composition (atomic 6 /©) 


recording power (rhW) 


8T:C/N (dB) 


focusing 


Zn 


;. s . . 


M Al 


sample #11 


39.7 ' 


50.3 


io:o- 


12 


30.8 


GOOD 


sample #,12 


, ; Wj ... 


45,4 . 




,12 


42.9 


GOOD 

- -.. , - 


■■' sample #13 f 


32.8 


41.6 


* 25.6 


. -i- • . 12 


47.7 


GOOD 


sample #14 


29.7 


39.0 


31 .3 


8 


47.8 


GOOD 


sample #15n 


25.3, 


; 33 . 5 


41.2 


. . 5--:. 


42.2 


BAD 



[0286] As shown in Table 5, it was found that in the optical recording disk samples #12 to #14 containing liB atomic 
% to 32 atomic % of Al, the C/N of the signal obtained by reproducing data recorded in the fourth recording layer of each 
3Q of them was equal to or higher than 40 dB and that the laser beam could be focused onto the first recording layer, the 
second recording layer and the third recording layer of each, of them in a desired manner. 

[0287] To the contrary, it was found that in the optical recording disk sample #1 1 containing less than 18 atomic % of 
Al, the C/N of the slgnal obtained by reproducing data recorded in the fourth' recording layer thereof was lower than 40 
dB and that in the optical recording disk sample #1 5 containing more than 32 atomic % of Al, the laser beam could not 
^ be focused onto the first recording layer, the second recording layer and the third recording layer thereof in a desired 
manner. ' ! 
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Working Example; 6 

[0288] An optical recording disk sample #16 was fabricated in the manner of the optical recording disk sample #6 
except that the second recording layer having a thickness of 30 nm, the third recording layer having a thickness of 18 
nm and the fourth recording layer having a thickness of 14 nm were formed using a target consisting of Ti instead of the 
target consisting of Mg. 

[0289] The compositions of the second recording layer, the third recording layer and the fourth recording layer of the 
optical recprdingdisk sample #1.6 were measured similarly to in Workjng. [Example 1 . It was.fgund that each of the second 
recordj^ atomic' % of Zn, 48,8 atomic % 

pfS^and^ .V , V \ 

[0290] Further, an optical recording disk sample #17 was fabricated in the manner of the optical recording disk sample. 
#1 6 except that the electric power used in the sputtering process was changed and the second recording layer, Xhq third 
necordii^ layer were;formed so that each of them contained 41 .8 atomic % of Zn, 47.9 

^tgmijp'%of S.p^ \. ..... \V. , \[ ; 

[Q291]. Theo, r ah optical reqordirig disk sample #18 vyas fabricated in the manner of the optical recording disk sample 
#1 6 except that the electric power used in the sputtering process was changed and the second recording layer, the third 
recording layer and the fourth recording layer were formed so that each of them contained 38.3 atomic % of Zn, 46.6 
atomic % of S and 1 4.8 atomic % of Ti. 

[0292] Further, an optical recording disk sample #1 9 was fabricated in the manner of the optical recording disk sample 
#1 6 except that the electric power used in the sputtering process was changed and the second recording layer, the third 
recording layer and the fourth recording layer were formed so that each of them contained 35.7 atomic % of Zn, 42.2 
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atomic % of S and 22.1 atomic % of Ti. 

[0293] Then, an optical recording disk sample #20 was fabricated in the manner of the optical recording disk sample 
#1 6 except that the electric power used in the sputtering process was changed and the second recording layer, the third 
recording layer and the fourth recording layer were formed so that each of them contained 33.9 atomic % of Zn, 40.1 
atomic % of Sand 26.0 atomic % of Ti. - 

[0294] Further, an optical recording disk sample #21 was fabricated in the manner of the optical recording disk sample 
#1 6 except that the electric power used in the sputtering process was changed and the second recording layer, the third 
recording layer and the fourth recording layer were formed so that each of them contained 30.8 atomic % of Zn, 33.8 
atomic % of S and 35.4 atomic % of Tl « 
[0295] Then, similarly to in the Working Example 4; the above mentioned optical recording. medium evaluation appa- 
ratus was used to condense a laser beam onto the fourth recording layer of each of the optical recording disk samples 
#1 6 to #21 via the light transmission layer and record marks each having a length of 8T were formed, thereby recording 
data therein. The recording power Pw of the laser beam was set to 5 mW. ,v 
[0296] Furthermore, data were sequentially recorded in the fourth recording layer of each of the optical recording disk 
samples #1 6 to #21 by increasing the recording power Pwof the laser beam little by little in the range of 5 mW to 1 2 mW. 
[0297] Then,, similarly to in the Working Example ,4, data recorded in the fourth recording layer of each of the optical 
recording disk samples #16 to #21 were reproduced using the above mentioned optical recording medium evaluation 
apparatus and the C/N ratio of the signal reproduced from each of them was measured. 

[0298] Further, the recording power Pw of the laser beam at which the C/N ratio of a signal obtained by varying the 
recording power Pw of the laser beam from 5 mW to 12 mW and reproducing data recorded in the fourth recording layer 
of each of the optical recording disk samples #16 to #21 was minimum was measured and the C/N ratio of a signal 
obtained by reproducing data recorded in the fourth recording layer of each of them at the recording power Pw were 
measured. 

[0299] Then, similarly to the Working Example 4, the above mentioned optical recording medium evaluation apparatus 
was used to focus a laser beam onto the first recording layer, the second recording layer and the third recording layer 
of each of the optical recording disk samples #16 to #21 and whether or hot the laser beam could be focused onto the 
first recording layer, the second recording layer and the third recording layer of each of them in a desired manner was 
.judged. . " ' ' \ ...:•.,.•.!-:,.... 

[0000] The results of the measurement and the judgment are shown in Table 6. 



Table 6 





composition (atpmic%) 


recording power (mW) 


8T:C/N (dB) 


focusing 




Zn - 


S 


Ti 








sample #1 6 


43.6 


48.8 


76 


12 


18.9 


GOOD 


sample #17 


41.6 


47.9 


10.3 


12 


41.7 


GOOD 


sample #18 


38.3 


46.6 


14.8 


8 


46.7 


GOOD 


sample #19 


,35.7 


42.2- 


22.1 


■ ■ • • - 7 . 


49:9 


GOOD 


sample #20* 


33:9 


40.1 


26.0 


6'; ' 


51.3 


GOOD 


sample #21 


30.8 


33.8 


35.4 


5 


43.0 


BAD 

















[0301] As shown in Table 6, it vvas found that in the opticW recording disk samples #17 to #20 containing 10 atomic 
% to 26 atomic % of Ti, the C/N of thd signjal obt^ihed by reprbduding data recorded in the fourth* recording layer of eaich 
of them was equal to or higher than 40 dB and that the laser beam could be focused onto the first recording layer, the 
secdnd recording layer and the third recording' iayWltf Vach'of them in a desired manner. ' 1 ' ■ : 

[0302] To the contrary, it was found that in the bpticaj recordihg disk sample #16' containing less than 1 0 atomic % of 
Ti, the C/N of thesignal obtained by reproducing data recorded in the fourth recording layer thereof was lower than 40 
dB and that in the optical recording disk sample #21 containing more than 26 atomic % of tl, the laser beam could not 
befocused onto the first recording layer, the second recording layer and the third recording layer thbreof in a desired 
manner. " ' " ' ■ 

Working Example 7 

[0303] An optical recording disk sample #22 was fabricated in the manner of the optical recording disk sample #6 
except that when the second recording layer, the third recording layer and the fourth recording layer were formed using 
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a target consisting of a mixture of ZnS and SiO a whose mole ratio was 80:20 instead of the target consisting of ZnS so 
that the third recording layer had a thickness of 24 nm. 

[0304] The compositions of the second recording layer, the third recording layer and the fourth recording layer of the 
optical recording disk sample #22 were measured similarly to in Working Example 1 . It was found that each of the second 
s recording layer, the third recording layer and the fourth recording layer contained 21 .8 atomic % of Zn, 10.8 atomic % 
of Si. 18.3 atomic % of Mg, 21 .6 atomic % of O and 27.5 atomic % of S. 

[0305] Further, an optical recording disk sample #23 was fabricated in the manner of the optical recording disk sample 
#22 except that the electric power used in the sputtering process was changed and the second recording layer, the third 
recording layer arid the fourth recording layer were formed so that each of them contained 21.5 atomic % of Zn, 10.1 

*o atomjc % ; of Si, 20.8,atomic % of Mg, 20.1 atomic % of O and 27.5 atomic % of S. 

[0306]; Then, an ; optical, recording disk sample #24 was fabricated in the manner of the optical recording disk sample 
#22 except that the electric power used in the sputtering process was changed and the second recording layer, the third 
recording layer and the fourth recording layer were formed so that each of them contained 20.0 atomic % of Zn,-9.7 
atomic % of Si, ^p.ftatqmjC/.^of Mg,. 19.4 atomic % of .O arjd 27.3 atomic. of .S. 

*5 [0307] ^rthjBjr, arj optical recording disk sample #25 was fabricated in the manner of the optical recording disk sample 
#22 except that the electriapower use t d in the sputtering process was; changed and the secpnd.recording layer, the third 
recording layer and the fourth recording layer were formed so that each of them contained 20.3 atomic % of Zn, 9.1 
atomic % of Si, 25.6 atomic % of Mg, 18.2 atomic % of O and 27.0 atomic % of S. 

[0308] Then, an optical recording disk sample #26 was fabricated in the manner of the optical recording disk sample 
20 #22 except that the electric power used in the sputtering process was changed and the second recording layer, the third 
recording layer and the fourth recording, layer were formed. s>o that each of them contained 19.6 atomic % of Zn, 8.3 
atomic ,% ; of Si, 1 30.8 atomic %.of Mg, 1.0.6 atomic % of O and 24.7^atomic t % ( of S. 

[0309] , Further, an optical recording disk sample #27 was fabricated in. the manner of the optical recording disk sample 
#22 except that the electric power used in the sputtering process was changed and the second, recording layer, the third 
25 recording layer and the, fourth recording layer were formed so that ,each of them contained 19.1 atomic % of Zn, 8.0 
atomic % of Si 

[0310] Then, similarly to in the Working.Exampje 4, the above-mentioned optical recording medium revaluation appa- 
ratus was used to condense a laser beam onto the fourth recording layer of each of the optical recording disk samples 
#22 ; tp, I #?7 via ^e light transmission layer. and record marks each having a length of 8T were formed, thereby recording 
30 datathereiij. Th 

[031 1] . Furthermore, data were sequentially recorded in the fourth recording layer.of each of the optical recqrding disk 
samples #22 to #27 by increasing the recording power Pw of the laser beam little by little in the range of 5 mW to 12 mW 
[0312] Then, similarly to in the Working Example. 4, data' recorded, in the f ou rth recording layer of .each of the .optical 
recording disk samples #22 to #27 were, reproduced using the above mentioned optical recording medium evaluation 

35 apparatus and* the C/N ratio of ( the signal reprod .... 

[0313] Further, the recording power Pw of. the laser beam at which the<G/N ratio of a signal obtained by varying the 
recording.powerPivpf the laser beam from 5 mW to 12 mW arid reproducing data recorded; in theiourth recording layer 
of each of the optical recording disk samples #22 to #27 was minimum was measured and the C/N ratio of a signal 
obtained by reproducing data recorded in the. fourth recording layer of each of them at the recording power, Pw were 

40 measured. .: 

[0314] Then, similarly to in the Working Example 4, the above mentioned optical recording medium evaluation appa- 
ratus was used to focus a laser beam onto the first recording layer, the second recording layer and the third recording 
layer of each .of the optical recording disk samples #22 to, #27 and whether or not the laser beam could be.focused pnto 
the first recording layer, the second recording layer and the third recording layer of each of them in a desired manner 

45 was judged. . . t % . -- ; i,. t ..-. - 

[0315] ^The results of the measurement and the, judgment are shown in Table 7. 



Table 7 



■ . 1 . 


composition (atomic%) 


recording power (mW) 


8T:C/N (dB) 


focusing 


Zn 


Si 


Mg 


b 


S 


sample:#22 


21.8 


10.8 


18.3 


21.6 


27.5 


12 


30.0 


GOOD 1 


sample #23 


21.5 


101 


20.8 


20 1 


27.5 


11 


48.8 


GOOD 


sample #24 


20.0 


9.7 


23.6 


19.4 


27.3 


12 


46.4 


GOOD 


sample #25 


20.3 


9.1 


25.6 


18.2 


27.0 


11 


50.3 


GOOD 
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(continued) 





composition (atomic%) 


recording power (mW) 


8T:C/N (dB) 


focusing 


Zn 


Si 


Mg 


O 


S 


sample #26 


19.6 


8.3 


30.8 


16.6 


24.7 


8 


52.4 


GOOD 


sample #27 


19.1 


8.0 


33.9 


16.0,. 


23.0 


6 


53.8 


BAD 



10 



15 



[031 6] As shown in Table 7, it was found that in the optical recording disk samples #23 to #26 containing 20 atomic 
% to 31 atomic % of Mg, the C/N of the signal obtained by reproducing data recorded in the fourth recording layer of 
each of them was equal to or higher than 40 dB and that the laser beam could be fobused onto the first recording layer, 
the second recording layer and the third recording layer of each of them in a desired manner. ^ 

[0317] To the contrary, it was found that in the optical recording disk sample #22 containing less than 20 atomic % of 
Mg, the C/N of the signal obtained by reproducing data recorded in the fourth recording layer thereof was lower than 40 
dB and that in the optical recording disk sample #27 containing mbre than 31 atomic % of Mg, the laser beam could not 
be focused onto the first recording layer, the second recording layer and the third recording^ layer thereof in a desired 
manner. : ' : . v 



20 



25 



30 



35 



40 



45 



50 



55 



Working Example 8 

[0318] An optical recording disk sample #28 was fabricated in the manner of the optical recording disk sample #6 
except that when the second recording layer, the third recording layer and the fourth recording layer were formed using 
a target consisting of a mixture of ZnS and SiOg whose rnble ratio was 50:50 instead of the target consisting of ZriS so 
that the third recording layer had a thickhess of 24 nm: l ! 

[0319] The corhposittons of the second recording layer, the third recording layer and the fourth recording layer of the 
optical recording disk sample #28 were measured similarly to in Working Example 1 f\t Was found that each of the second 
recbrdihgiayer; the third recording layer and the fourth recording layer contained 14.5 atomic % of Zn, 16.6 atomic % 
"of : Si t *i7& : atdrnic'' % 'of 'Mg- - 33:2 : atorriic % '6f 'O' and *'i 719 atomic •% of ; SV ■■" v 
[0320] ; Fu rther, an optical recording disk sample #29 was fabricated In the manner of the optical recording disk sample 
#28 except that the electric power used in the sputtering process was changed and the second recording layer, the'third 
reb'ordihg^liaiyer and the^fourth recording layer were formed so that each bfthem contained 13.1 atomic % of Zn, 15.9 
atorriic % x 6i 'Si; 23.3<atbmfc % of Mg/3i .8 atomic ; %' of '6 ariitf 1-6-9 atomic "% bf S: f '' 

[0321 ] " Then, an optical* recording disk sample #30 was fabricated in the manner of the optical recording disk sample 
#28-except that the electric power ulsed in the sputtering process was changed and the second recording layer, the third 
recording layer and the fourth recbrdirig layer were formed so thiat eacft of them contained 12:9 aitomib % of Zh,- 15.0 
' atomic % bf Si/ 2&;1* atomic - % of Mjg/SO^Oatbmic^^'df O and 16:o atdrnic %*bf S. " ^ 
[0322] ^Further, an bptical'recording disk sample #31 was fabricated in tfrernanner of the optical recording disk sample 
#28 excepfthat the electric power used in the sputtering process was c^ the third 

recbf ding" layer arid the fourth recording layer were formed so that each i of them- contained 11.8 atomic % of Zn; 13.2 
atomic % of Si, 32.8 atomic % of.Mg, 26.4 atomic % of O and 15.8 atomic % of S. 

[0323] Then, an' optical recording disk sample #32 was fabricated' in the manner of the optical recording disk sample 
#28 except that the electric power used in the sputtering process was changed and the second recording layer, the third 
recording layer and the fourth recording layer were formed so that each of them contained 9.7 atomic % of Zn, 10.7 

'atbmb ; % n bfSi^ 46:2 atbmic : %' bf Mg/2i:.4 : ^tbrTiic % of -O and-'1-2:2^tomic : %bf S. ■* 

[0324] Then, similarly to in the Working Example 4, the above mentioned optical recording medium evaluation appa- 
ratus was used to condense a laser beam ontb the fourth recording layer of each ofthe optical recording disk samples 
#28 to #32 via the light transmission layer and record marks each having a length of 8T were formed, thereby recording 
data therein. The recording power Pw of the laser beam was set to 5 mW. 

[0325] furthermore, data were sequentially recorded in the fourth recording layer of each of the optical recording disk 
samples #28 to #32 by increasing the recording power Pw of the laser beam little by little in the range of 5 mW to 1 2 mW. 
[0326] Then, similarly to in the Working Example 4, data recorded in the fourth recording layer of each of the optical 
recording disk samples #28 to #32 were reproduced using the above mentioned optical recording medium evaluation 
apparatus and the C/N ratio of the signal reproduced from each of them was measured. 

[0327] Further, the recording power Pw of the laser beam at which the C/N ratio of a signal obtained by varying the 
recording power Pivof the laser beam from 5 mW to 12 mW and reproducing data recorded in the fourth recording layer 
of each of the optical recording disk samples #28 to #32 was minimum was measured and the C/N ratio of a signal 
obtained by reproducing data recorded in the fourth recording layer of each of them at the recording power Pw were 
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measured. 

[0328] Then, similarly to in the Working Example 4, the above mentioned optical recording medium evaluation appa- 
ratus was used to focus a laser beam onto the first recording layer, the second recording layer and the third recording 
layer of each of the optical recording disk samples #28 to #32 and whether or not the laser beam could be focused onto 
the first recording layer, the second recording layer and the third recording layer of each of them in a desired manner 
was judged. 

[0329] The results of the measurement and the judgment are shown in Table 8. 



Table 8 





composition (at 


omic%) 


recording power (mW) 


8T:C/N (dB) 


focusing 


Zn 


Si 


. Mg ...i 


. O . 


S 


sample #28 


14.5 


1616 


17.8 


33.2 


17.9 


12 ' 


16.6 


GOOD 


sample #29 


13.1 


15.9 


22.3 


31.8 


16.9 


12 


43.6 


GOOD 


sample #30 


12.9 


15.0 


26.1 


30.0 


16.0 


10 


48.6 


' "GOOD 


sample ,#31, 




13.2 


32.8 


26.4 


15.8 


....... 7 . , ... . 


, 46,1 , , 


i. GOOD 


sample #32 


9.5 


10.7 


46.2 


21.4 


12.2 


■ ■■■ 6 


36.3 


'BAD' L 



[0330] , Ajs, showa in Tablq 8, -t^was iound that JO; the optical; recording disk sarjnples #29 to ,#31 ( containing. 20. atomic 
% to 33 atornic % .of. Mg, the C/^. of the signal ^obtained by reproducing data recorded in the fourth, recording Jayer. of 
e^clji^f .^em wa$ equal to <on higher than 40^6 and .that the laser beam could be focused onto the ; first recording layer, 
th^^^qrid^recprding. layer and the third recording layer of each of , them in a desired manner... . t . 
[0331] To the contrary, it was found that in the optical recording disk sample #28 containing less than 20 atomic .% of 
Mg, tfye C/N of tl?e, signal obtained by reprpduc data recorded in the fourth r^cqrding jayer thereof was lower than 40 
dB anci that in the;optical recording; disk samp^ more than 33, atomic % of Mg, the laser beam could not 

be focused onto the first recording layer, the second recording layer and.the third recprding Jayer thereof in a desired 
manner. r: . f; . ...... . - . '■- . ?" 

Working. Example 9 ... % '. , , 

[033?] An qptjcaj. recordjng disk sample #33 was fabricated in the. manner ,pf the optical recprding di?k sample \#6 
Qxce^^at^ei^^e^e^n^ recqr<jjirig i '^yj^^.. ,the : tlii rd ,.re<3p rfiii^ig, lay^r 'apcl the;fpurtrj recprding layer were formed using 
'. a garget ,co ns isti -of a jpixtu re of SiO? a Ptf ; §'3^4^9?S »IPPN)re^B>wf!?X%3|p^9 !ns?e.aCP^ e:te ^?iwn5ife8ng 
of the mixture of ZnS^o that t^ 

[0333] The compositions of the second recording layer, the third recording layer and the fourth recordjng layer of, the 
optica^r^ordiq Example 1 . Jt^was found that each of the second 

,-reQor^ingjayer,J the.fourth recprding Jayer contained 6.2 atpmic %,of, La. 24.1 atomic*/© of 

Si, 23.1 atomic % of Mg, 24.6 atomic, % 

[6334] Then, similarly to in the Working Example 4, the above mentioned optical recording medium evaluation appa- 
ratus , was used Xp : ; cq q de n$e ■ ^ < Ifise^^f.am jDnto the Jqu rt h . recordi ng layer.pf Jhe pptjcal recording disk sample #33. via 
the v light ^trapsmissipn layejr j*nd, r^cordj niarks f p eaph having a length of ,8T?were formed, thereby recording data therein. 
The recording power PwM the. ; Jasef ! be^^as^setJtq,.5 mW., v ..^h.rir* :A> ^ -i 

[0335], v Ejjrthe.rmo^ recprding J ( ayer. of the optical recording disk sample 

#33 tiy.jincre asiog the recprding ^ mW. ; . 

[0336] Then, similarly, to the^Wprking Example 4, data recorded, in theipurtb recording layer of.the optical recording 
disk sample ^#33,were medium evaluation apparatus and a 

C/N ratio of the signal reproduced theref^^ 

[0337] Further, the recording power Pwot the laser. beam at which the C/N ratio of a signal obtained by varying.the 
recording power Pw qi the laser beam from 5 mW to 1 2 mW, and reproducing data recorded in the fourth recording layer 
of the optical recording disk sample #33 was minimum was measured and the C/N ratio of a signal obtained by reproducing 
data recorded in the fourth recording layer thereof a 

[0338] ; Then, similarly to in the Working Example 4, the. above mentioned optical recording medium evaluation appa- 
ratus was used to focus a laser beam onto the first recording layer, the second recprding layer and the third recording 
layer of the optical recording disk sample #33 and whether or not the laser beam could be focused onto the first recording 
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layer, the second recording layer and the third recording layer thereof in a desired manner was judged. 
[0339] The results of the measurement and the judgment are shown in Table 9. 



Table 9 





composition (atomic%j 


recording power (mW) 


8T:C/N (dB) 


focusing 


La 


Si 


Mg 


O, 


, N 


sample #33 


6.2 


24.1 


23.1 


24.6 


22.0 


12 


50.5 


GOOD 



10' 

[0340] As shown in Table 9, it was found that the C/N of the signal obtained by reproducing data recorded in the fourth 
recording layer of the optical recording disk sample #33 was equal to or higher than 40 dB and that the laser beam could 
be focusecJ onto the first recording layer, the second recording layer and the third recording layer thereof, in a desired 
manner. 

15 '' '■' • 

Working Example 10 

[0341] Similarly to in the Working Example 1 , a polycarbonate substrate was fabricated and a first recbrciiriy layer was 
formed on the surface pi the polycarbonate substrate. 

20 [0342] Then, the polycarbonate substrate formed with the first recording layer on the surface thereof was set on a 
spin coating apparatus and the third dielectric film was coated with a resin solution prepared by dissolving acrylic ultraviolet 
curable' resirVin a solvent to form a toatihg Ikyer ^ While the polycarbonate substrate was being rotated: Then, a stkMper 
fbrrried with grooves arid lairids was p^ the surfacei of the coifing layer was 

irradiated with'ari ultraviolet ray Via the ^ 

25 mediate layer having a thickness of 1 5 jmrn and fbWried with grooves and lands on the surfacb thereof so thkt the groove 
pitch' was 'equal 'to *'<X32' jitm* wasf bnlied'by removing iH'e stamper!' ;f 
[0343] Then, the pblycart)^ in the 

sputtering apparatus and & second recording layer "having a thickness of 35 hm was formed by the sputteririg process 
•using a-mixture' targiet-cohlsi^ting df "th^ mixture of ZnS and Si0 2 and a target consisting of Mg. 

30 [0344] The mole ratio of ZnS to Si0 2 in the mixture of ZnS and Si0 2 contained in the target was 80:20. 

[0345] The composition of the second recording layer was measured similarly to in Working Example. It was found 
that the second recording layer contained 21.5 atomic % of Zn, 10.1 atomic % of Si, 20.8 atomic % of Mg, 20.1 atomic 
% of O and 27.5 atomic % of S. 

[0346] Then, similarly to'ttie mariner of forming the 'firstihterrrikliafelayer on the first recording layer, a second 
35 intermediate faiyer having a' thickness of i5 ^m was forrhed "by th^ s|3utteririg : process oh the second recording l£yer 
arid similarly to the manner 'of Arming the second Wording on 'the first intermediate layer, a third recording layer 
havirig a thickniess bf 16 nm w^ ^ :& y i . 

[0347] The ratio D3/D2 of the thickness D3 of the ? third Recording layer fo thethiclcriess 'D2 of the second recording 
layer was 0:46:^' V s ; • >VkJv.,^-.i *i>1* r*rv - v;^ ' v.iivt*>*f.-;:ii v,v>.-: ^ . -,:.,?.oV-.v •«,: - . rf.tsv- . 

40 [0348] v Finally^ the third ^ recording teySr was coated using the spin^ coating rriethbd^With a resin solution prepared' by 
dissolving acrylic ultraviolet curing resirvirV a sblv6nt4b "form a'co^tihg fayWr arid thfc -coating laydr' Was * iraWate'd^with 
ultraviolet rays, thereby curing the acrylic ultraviolet curing resin to form a protective feyer having a thickness of 70 jim. 
[0349] Thus, the optical recording disk sarhple # 34 was fabricated. 

[0350] " Then, an optical record disk ] sdrhplfe # 35 s wasHfabrib&teci in the riiahher of fabricating the optical recording 

45 disk sample # ^ iexcept that me m 

D3/D2 of the thickness D3 thereof to the thickness D2 of the secorid tebbrding layer w^s 0l54. r ■ , ,; ' ^ 1 ' 
[0351 ] Further, ah bptibal recording disk sarriple # 36 was fabricated irilhe'Wi^ririer of fabricatin^the dpticai recording 
disk sample # ; 34 exbept that the^third rebordi^iayBr'Wais ^ forrr^d^sb that it had a thickness t>3 of S22 > hrii , ari'd the ratio 
D3/D2 of the thickness D3 thereof to theHhickhess D2 of the second rbcbrdirig layer was 0.63. ' *' • ;r - ; 

so [0352] Then, ah dpticai recording disk sarhple^# 37 wias fabricated in the 5 mariner of fabricating the optical recording 
disk sample # 34 except that the third recording layer was formed so that 'it had a thickness D3 of 24 nrri and 1 the ratio 
D3/D2 of the thickness D3 thereof to the mickhesS^ [ r r"£Vt 
[0353] Further/an bpto^ wias fabricated in the manner of fabricating the optical 

recording disk sample # 34 except that the third recording laydr was 4 formed so that it had a thickriess D3 of 10 nrri and 

55 the ratio D3/D2 of the thickness D3 thereof to the thickriess D2 of the second recording layer Was 0.29. 

[0354] Then, an optical recording disk comparative sample #2 was fabricated in the manner of fabricating the optical 
recording disk sample # 34 except that the third recording layer was formed so that it had a thickness D3 of 1 3 nm and 
the ratio D3/D2 of the thickness D3 thereof to the thickness D2 of the second recording layer was 0.37: 



28 



EP 1 437 724 B1 



[0355] Further, an optical recording disk comparative sample #3 was fabricated in the manner of fabricating the optical 
recording disk sample # 34 except that the third recording layer was formed so that it had a thickness D3 of 27 nm and 
the ratio D3/D2 of the thickness D3 thereof to the thickness D2 of the second recording layer was 0.77. 
[0356] Then, the optical recording disk sample #34 was set in the above mentioned optical recording medium evaluation 
apparatus and a laser beam having a wavelength of 405 nm was projected onto the first recording layer, the second 
recording layer and: the third recording layer of the optical recording disk sample #34i thereby measuring the reflection 
coefficient R0 of the first recording layer, the reflection coefficient R1 of the second recording layer and the reflection 
coefficient R2 of the third recording layer. > 

[0357] The power oithe laser beam^was set to 1;0 mW and the laser beam wasprojected using an objective lens 
having a numerical aperture of 0.85 onto the first recording layer, the second recording layer and the third recording layer. 
[0358] -5 The reflection coefficient R0 of the first recording layer and the reflection coefficient R1 of the second recording 
layer were calculated similarly to in Working Example 1 . 

[0359]- Further, the difference inthereflection coefficients was calculated by subtracting the minimum reflection coef- 
f ieientamong the reflection coefficientvRO of the first recording layer, the reflection coefficient R1 of the second recording 
layer* and the reflection coefficient R2 of the 4hird recording layer of the optical- recording disk sample #34 from the 
maximum -reflection coefficient among them: : - : 

[0360] fThe results of the measurement and the calculation are shown in ffable 10. 

[0361] :. ^Simtlarlyito the above, the optical recording disk samples #35 to #37 and the optical recording disk comparative 
samples #1 to #3 were sequentially set in the above mentioned optical recording medium evaluation apparatus and a 
laser beam having a wavelength of 405 nrrvwas projected onto?the first recording layerj the second recording layer arid 
the third recording layer ofreach of the samples* whereby the reflection coefficient RO of the first recording layer, the 
reflection coefficient RUdtthe second recording* layer and the reflection coefficient R2 of the third recording layer thereof 
were measured and the difference in reflection coefficients thereof was calculated. 
[0362] The resultsof the measurement and the calculation are shown in Table 10. 



Table 10 





D3/D2 


R2 (%) 


R1 (%) 


R0 (%) 


difference in reflection coefficients (%) 


Hii 7 sample #34 


, .0.46 


.4.7 


7,1 


7;2 




r sample' #35 


0.54 


6:1 


6.5 v 




0.5 


, . , v , it sample ; #36 


Q r 63 


7,4 . 


1 6,6 


6 1 . 




sample #37 


0.69 


8.2 


5.7 


5.8 


2.5 


comparative ^sample^#i , 


6.29 




8.5 


' 8.7 ' 




.comparative sample #2 


: 0.37 


- 3;4 


, 7.7- 


7;9 iA- 




comparative s^pie'#3 


0 77 ' 




5.3 


54' ■ 





[0363] c .As shown tn Table tOi it was found- that in the optical recording disk samples #34 to #37 in each of which the 
ratio D3/D2 of the thickness D3 of the third recording layer to the thickness D2 of the second recording layer was 0,40 
to 0:70, ithe reflection coefficient R0 of the first recording layer, the reflection coefficient R1 of the second recording layer 
and the reflection: coefficient R2 of the third recording layer of each 'optical recording disk sample exceeded 3 % and 
were sufficiently high. Further, it was found that the differences in reflectiom coefficients' of the optical) recording disk 
samples #34 \o #37f,werei 2*6 %; 0.5 %; 1.3 % and 2:5 %i respectively,: and lowervthan 3i0 % and that } the reflection 
coefficient R0 of:the first recording layer; the .reflection coefficient R1rof*the second recording layer aridtthe : reflection 
coefficient R2 of the third recording layer of each loptical recording disk sample : were,substantially equal to each other. 
[0364] u To the contrary;: itiwas found that m the ioptical recording disk comparative samples #1 to #3 in each of which 
the ration D3/D2 of the thickness; D3 of the third recording, layer to thetthickness D2 of the second recording layer was 
outside of the range of 0.40 to 0.70; the reflection^coefficient R2 of the.third recording layer of the optical recording disk 
comparative sample #1<was lower than 3 % and the differences in- reflection coefficients of the optical recording disk 
comparative samples #1 to #3 were 6.5 %, 4.5 % and 4;i %, respectively, and exceeded 3 %, Therefore, it was found 
that the reflection coefficient R0 of the first recording layer, the reflection coefficient R1 of the second recording layer 
and the reflection coefficient R2 of the third recording layer of each optical recording disk comparative sample were 
different from each other: 



29 



EP 1 437 724 B1 



Working Example 1 1 

[0365] A polycarbonate substrate was fabricated similarly to in Working Example 1 . 

[0366] Then, the polycarbonate substrate was set on a sputtering apparatus and a' reflective film consisting of an alloy 
of Ag, Pd and Cu and having a thickness of 100 nm, a second dielectric film containing a mixture of ZnS and Si0 2 and 
having a thickness of 37 nm, a first recording film containing Cu as a primary component and having a thickness of 5 
nm; a second recording film containing Si as a primary component and having a thickness of 5 nm and a first dielectric 
film containing the mixture of ZnS and Si0 2 and having a thickness of 20 nm.were sequentially formed on the;surface 
of the polycarbonate substrate on which the grooves and lands were formed,- using the sputtering process, thereby 
forming a first recordinglayer on the surface of the polycarbonate substrate.* 

[0367] The mole ratio of ZnS^to Si0 2 in the mixture of ZnS and Si0 2 contained in the first dielectric layer and the 
second dielectric layer was 80:20. . : / '-.\; . \ . ■ , 

[0368] Further the polycarbonate substrate formed with the first recording layer on the surface.thereof was set on a 
spin coating apparatus and the third dielectric film was coated with a resin solution prepared by dissolving acrylic ultraviolet 
curablerresin in a solvent to form a coating layer while the polycarbonate substrate was^being rotated. Then, a stamper 
formed with grooves and lands was placed on the surface of the coating layer and the surface of the coating Jayer was 
irradiated with an ultraviolet ray via the stamper, thereby curing the acrylic ultraviolet curable resins A transparent inter- 
mediate layer having a thickness of<15 ^m and formed with grooves and lands on the surface thereof so that the groove 
pitch was equal to 0.32 p.m was- formed by removing the stamper. . > 
[0369] ..: Then, the polycarbonate substrate formed with< the first recording layer and the first intermediate layer on the 
surface thereof was set on the Sputtering apparatus and a second recording layer having a thickness of 35 nm was 
formed by the sputtering process using a mixture target consisting of the mixture of ZnS and SiO^and a target consisting 

Of Mg. ■>'■ — - ■ v.-"** . .... , ?; ■ ; t., » • \ • ■ 

[0370] The mole ratio of ZnS to Si0 2 in the mixture of ZnS and SiO^ contained in the target was? 80:20. 
[0371] The composition of the second recording layer was measured similarly to in Working Example 1 . It was found 
that the second recording layer contained 21 .5 atomic % of Zn, 10.1 atomic % of Si, 20.8 atomic % of Mg, 20.1 atomic 
% of O and 27.5,atpmic % ptS^ 

[0372] Then, similarly to the manner of forming the first intermediate layer on the first recording layer, a second 
intermediate layer having a thickness of 15 jxm was formed by the sputtering process on the sebond recording layer 
and similarly to the manner of forming the second recording layer on the first intermediate layer, a thir^d, recording layer 
having a thickness of 17 nm was formed by the sputtering process on the second intermediate layer. 
[0373] The ratio D3/D2 of the thickness D3 of the third recording layer to the thickness D2 of the second recording 
layer was 0.49. ' » :> f 
[0374] Further, similarly to the manner of forming the firstjntermediate layer on the first recording layer, a third inter- 
mediate layer having a thickness of 15 p.m was formed by the sputtering process on the second recording layer and 
similarly to the manner of forming the second recording layer on the first intermediate layer, a ? fourth recording layer 
having a thickness of 15 nm was formed by the sputtering process oa the third interrhediatejayer. ..J, 
[0375] Finally, the fourth recording layer was coated using the spin coating method with i a ■ resin solution prepared by 
dissolving acrylic ultraviolet curing resin in a solvent to form a coating layer and the coating layer was irradiated with 
ultraviolet rays; thereby curing the acrylic^ultraviolet curing? resin to formia protective layer having a thickness of 70 ^m. 
[0376] • Thus.vthe optical recording disk sample #^38 was fabricated.'^ » -r*- \< .;^* v - * >: 
[0377] Then, an optical recording- disk sample # 39 was fabricated in the manner of fabricating the optical recording 
disk sample # 38 except that the third recording layer was formed so that it tiad a thickness D3 of 20 nm and the ratio 
D3/D2 of the thickness D3 thereof to the thickness D2 of th^^ second recording layer wasi 0:57. 

[0378] - Further; an optical recording disk sample # 40 was fabricated in the manner of fabricating the optical recording 

disk sample # 38 except that the third recording ilayer was formed sothat it had a thickness D3 of 24 nm and the ratio 

D3/D2?of the -thickness 0)3 thereof io the thickness D2 of the second recording layer- was 0.69; - 

[0379] ,Then,. an bpticalvrecording disk sample # 41 was fabricated in the manner of f abricating the optical recording 

disk sample # 38 except that the third, recording layer was formed so that it had a thickness D3 of 28 nm and the ratio 

D3/D2of the thickness -D3 thereof to the thicknessiD2 of the second -recording layer was >0.80. ■ 4 : •-• 

[0380] Further, an optical recording disk comparative sample #4' Was fabricated in the manner of fabricating the optical 

recording disk sample # 38 except that the third recording layer was formed so'that it had a thickness D3 of 10 nm and 

the ratio D3/D2 of the thickness- D3 thereof to the thickness D2 of the second recording layer was 0.29: 

[0381]: Then, an optical recording disk comparative sample #5 was fabricated in the manner of fabricating the optical 

recording disk sample # 38 except that the third recording layer was formed so that it had a thickness D3 of 13 nm and 

the ratio D3/D2 of the thickness D3 thereof to the thickness D2 of the second recording layer was 0.37. 

[0382] Further, an optical recording disk comparative sample #6 was fabricated in the manner of fabricating the optical 

recording disk sample # 38 except that the third recording layer was formed so that it had a thickness D3 of 33 nm and 
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the ratio D3/D2 of the thickness D3 thereof to the thickness D2 of the second recording layer was 0.94. 
[0383] Then, similarly to in Working Example 1 0, the optical recording disk samples #38 to #41 and the optical recording 
disk comparative samples #4 to #6 were sequentially set in the above mentioned optical recording medium evaluation 
apparatus and a laser beam having a wavelength of 405 nm was projected onto the first recording layer, the second 
recording layer and the third recording layer of each of the samples, whereby the reflection coefficient R0 of the first 
recording layer, the reflection coefficient R1 of the second recording layer, the reflection coefficient R2 of the third 
recording layer and the reflection coefficient R3 of the fourth recording layer thereof were measured and the difference 
in reflection coefficients thereof was calculated. 

[0384] The results of the measurement and the calculation are shown in Table 11. 



, , Table 11 





D3/D2 


R3 (%) 


R2 (%) 


R1 (%) 


R0 (%) 


difference in reflection coefficients 
(%) 


sample #38 


0.49 


4.1 


3.3 


4.4 


4.5 


1.2 


sample #39 


0.57 


4.1 


4.2 


4.1 


4.2 


0.1 


sample #40 


0.69 ' 


4.1 


5.3 


3.7 


3.7 


1.6 


sample #41 


0.80 


4.1 


6.2 


3.3 


3.4 


2.9 


comparative sample #4 


0.29 


4.1 


1.4 


5.5 


5.6 


4.2 


comparative sample #5 


0.37 


4.1 


2.2 


5.0 


5.1 


2.9 


comparative sample #6 


0.94 


4.1 


6.8 


3.1 


3.2 


3.7 



[0385] As shown in Table 1 1 ., in the case where the second recording layer, the third recording layer and the fourth 
recording layer were formed using the target consisting of the mixture of ZnS and Si0 2 and the target consisting of Mg, 
it was found that in the optical recording, disk samples #38 to #41 in each ofwhich the ratio D3/D2 of the thickness D3 
of- the third recording layer to the thickness D2 of the second recording layer was 0.49 to 0,70; the reflection coefficient 
R0 of the first recording layer, the reflection coefficientRI of the second recording layer, the reflection coefficient R2 of 
the-third recording* layer and the reflection coefficient R3 of the fourth recording layer of each optical, recording disk 
samplejexceieded 3 % and were sufficiently high. Further, it was found that the differences in reflection coefficients of 
the optical recording disk samples #38 to #41 were 1.2 %, 0.1 %, 1 ;6%, and 2.9 %, respectively, andlower than 3.0 % 
and that the reflection coefficient; R0 of the tfirst recording layer, the .reflection coefficient R.I l : of the second recording 
layer, Xhe reflection coefficient R2 of ; the third recording layer and the reflection coefficient 5 R3, off, the fourthr recording 
layer of ---each optical recording :disk sample were substantially equal to each other. > 

[0386], . .. To the contrary , it was found;th3tin;the optical, recording disk comparative, samples #4 to #6;in each-of.which 
the ratio D3/D2 of the thickness D3 of the third recording layer to the thic 

outside.of.the range of 0.49 tP 0.70, the reflection coefficient R2 of the third recording Jayerpf leach of the optical recording 
disk comparative sample #4 -and #5 was lower than 3 % and the differences in reflection coefficients:of ; the optical 
recording disk comparative samples, #4 and .were 4.2 % and 3.7 % and exceeded 3 %. Therefore, Jt was foundthat 
the reflection coefficient R0 of the first recording layer, the reflection coefficient R1 of the second recording layer, the 
reflection coefficient R2 of the third recording layer and the reflection coefficient R3 of the fourth recording layer of each 
optical recording disk comparative sample were different fro , 

Working Example 12 

[0387] An optical recording disk sample #42 was fabricated in the manner of fabricating the optical recording disk 
sample #38 except that the third recording layer and the fourth recording layer were formed so that the thickness D3 of 
the third recording layer was equal to 20 nm and that the thickness D4 of the fourth recording layer was equal to 14 nm. 
[0388] The ratio D4/D2 of }the thickness Q4 .of the fourth recording layer to the, thickness of the second recording 
layer was 0.40.. •• - , . , ; . . » ... =\t i 

[03,89] i Then, an optical recording disk sample # 43 was fabricated in the manner of fabricating the optical recording 
disk sample # 42 except that the fourth recording layer was formed so that it had a thickness D4 of 15 nm and the ratio 
D4/D2 of the thickness D4 thereof to the thickness D2 of the second recording layer was 0.43. 

[0390] Further, an optical recording disk sample # 44 was fabricated in the manner of fabricating the optical recording 
disk sample # 42 except that the fourth recording layer was formed so that it had a thickness Q4 of 19 nm and the ratio 
D4/D2 of the thickness D4 thereof to the thickness D2 of the second recording layer was 0.54. 
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[0391] Then, an optical recording disk comparative sample #7 was fabricated in the manner of fabricating the optical 
recording disk sample # 42 except that the fourth recording layer was formed so that it had a thickness D4 of 1 0 nm and 
the ratio D4/D2 of the thickness D4 thereof to the thickness D2 of the second recording layer was 0.29. 
[0392] Further, an optical recording disk comparative sample #8 was fabricated in the manner of fabricating the optical 
recording disk sample # 42 except that the fourth recording layer was formed so that it had a thickness D4 of 25 nm and 
the ratio D4/D2 of the thickness D4 thereof to the thickness D2 of the second recording layer was 0.71 . 
[0393] Then, the optical -recording disk samples #42 to #44 and the optical recording disk comparative samples #7 
and #8 were sequentially set in the above mentioned optical recording medium evaluation apparatus and a laser beam 
having a wavelength of 405 nm was projected onto the first recording layer, the second recording layer and the third 
recording layer of each of the samples, whereby the reflection coefficient R0 of the first recording layer, the reflection 
coefficient R1 of the second recording layer, the reflection coefficient R2 of the third recording layer and the reflection 
coefficient R3 of the fourth recording layer thereof were measured and the difference in reflection coefficients thereof 
was calculated. 

[0394] The results of the measurement and the calculation are shown in Table 12. 



Table 12 





D4/D2 


R3(%) 


R2 (%) 


R1 (%) 


R0 (%) 


difference in reflection coefficients 
(%) 


sample #42 


0.40 


3.8 


4.3 


4.2 


4.4 


0.5 


sample #43 


0.43 


4.3 


4.1 


4.0 


4.1 


0.3 


sample #44 


0.54 


6.1 


3.7 


3.6 


3.7 


2.5 


comparative sample #7 


0.29 


2.2 


4.8 


4.7 


4.8 


2.7 


comparative sample #8 


0.71 


8.6 


3.2 


3.0 


3.1 


5.6 



[0395] As shown in Table i 2,1^ the case where the second recording layer, the third recording layer and the fourth 
recoriJing layer were formed using the-target consisting of the mixture of ZhS and f Si0 2 and the target consisting of Mg, 
it was found that in the optical recording disk samples #42 to #44 in each of which the ratio D4/D2 of the thickness D4 
of the fourth recording layer to the thickness D2 bf the second recording layer was'0.40 to 0.54; the reflection coefficient 
R0 6f the first recording layer, tn^^ of the- second recording layer, the^ref lection coefficient R2 of 

the third recording layer and the reflection coefficient R3 of the fourth recording layer; of ^^eabh optical 'recording disk 
sample exceeded 3 % arid were sufficiently High; Further, it was found that the differences in reflection coefficients of 
the opticarrecording disk sarhples , #42 to #44 were0;5 %;-0.3 % 

the reflection coefficient R0 of the first recording layer, ^Hhe reflection coefficient R1^ of the second layer, the 

reflection coefficient Ri2bf^^ the fourth^ recording layer df-each 

optical recording disk sampte f were sub i v*-*; V-? :■ ^ 

[0396] Tothe contrail comparative samples #7 and #8 in each of which 

the ratio D4/D2 Of the thickness D4 of the fourth recording layer to the thickness D2 of the second recording layer was 
outside of the range 0f40 to 0^54, the reflection coefficient R3 of the fourth fec6rdih§1ayer of the optical recording disk 
comparative sample #7 was lower than 3 % and the difference in reflection coefficients of the optical recording disk 
comparative sample #8 was 5.6 % and exceeded 3 %. Therefore, it was found that the reflection coefficient R0 of the 
first recording layer, the reflection coefficient R1 J of the second recordihg layer; the reflection coefficient R2 0f the third 
recording layer and the reflection coefficient R3 of the fourth recording layer of each optical recording disk comparative 
sample were different from each other. > i 

Working Example 13 , _ 

[0397] Similarly to in Working Example 1 1 , a polycarbonate substrate was fabricated and a first recording layer and 

a first intermediate layer were sequentially formed bri the surface of the polycarbonate substrate. 

[0398] Then, the polycarbonate substrate formed with the first recording layer and the first intermediate layer on the 

surface thereof was set on the sputtering apparatus and a second recording layer having a thickness of 28 nm was 

formed by the sputtering process using a mixture target consisting Of the mixture of ZhS and Si0 2 and a target consisting 

of AL • • • • ■■--.■■:•■».■■■••:■: v • - ; ' 

[0399] The mole ratio Of ZnS to S\0 2 in the mixture of ZnS and Si0 2 contained in the target was 80:20. 

[0400] The composition of the second recording layer was measured similarly to in Working Example. It was found 
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that the second recording layer contained 22.2 atomic % of Zn, 9.8 atomic % of Si, 19.3 atomic % of Al, 19.6 atomic % 
of O and 29.1 atomic % of S. 

[0401] Then, similarly to the manner of forming the first intermediate layer on the first recording layer, a second 
intermediate layer having a thickness of 15 p:m was formed by the sputtering process on the second recording layer 
and similarly to the manner of forming the second recording layer on the first intermediate layer, a third recording layer 
having a thickness of 15 nm was formed by the sputtering process on the second intermediate layer. 
[0402]- The ratio D3/D2 of the thickness D3: of the third^recording layer to the thickness D2 of the second recording 
layer was 0.54. ■■■ • . - i 

[0403] Further, similarly to the manner of forming the first intermediate layer on the first recording layer, a third inter- 
mediate layer having a thickness of 15 jxm was formed by the sputtering process on the second recording layer and 
similarly to the manner of forming the second recording layer on the first intermediate layer, a fourth recording layer 
having a thickness of 12 nm was formed by the sputtering process on the third intermediate layer. 
[0404] Finally, the fourth recording layer was coated using the spin coating method with a resin solution prepared by 
dissolving acrylic ultraviolet curing resin in a solvent to form a coating layer and the coating layer was irradiated with 
ultraviolet rays, thereby curing the acrylic ultraviolet curing resin to form a protective layer having a thickness of 70 p.m. 
[0405] Thus, the optical recording disk sample # 45 was fabricated; " • . . . ^ 

[0406] Then, an optical recording disk: sample #46^was fabricated in the manner of fabricating the 'optical recording 
disk sample # 45 except that the third recording layer was formed so that it had a thickness D3 of 18 nm and the ratio 
D3/D2 of the thickness D3 thereof to the thickness D2 of the second recording layer was 0.64. 

[0407] Further, an optical -recording disk sample # 47 was fabricated in the manner of fabricating the optical recording 
disk sample #>45 except thatthe third recording layer? was formed sol that it had a thickness D3 of 22 nm and the ratio 
D3/D2 of the thickness D3 thereof to the thickness D2 of the second recording layer was 0.79; v ^ : : 
[0408] . Then, an optical recording disk comparative, sample #9 was fabricated in the manner of fabricating the optical 
recording? disk* sample- # 45 except that the third recording layer was formed so that it had a thickness D3 of 1 0 nm arid 
the ratio D3/D2 of the thickness D3 thereof to the4hickness D2 of the second recording layer was 0.36. ^ 
[0409] u Further; an optical recording disk comparative sample #10 -was fabricated in the miariner of fabricating the 
optical recording; disk sample # 45 except that-the third recording layer was formed so that it had a thickhess D3 of 27 
nm and the ratio D3/D2.of4he thickness D3 -thereof to the thickness D2 of the second recording layer was 0,96; 
[041 0] Then, similarly to in Working Example TO, the optical recording disk samples #45 to #47and the optical recording 
diskcomparative.samples #9 to #10 were sequentially set in the above mentioned optical recording medium evaluation 
apparatus and a laser beam having a wavelength -of 405 nm was projected onto* the first recording layer, the second 
recording layer and the third recording layer<of .each of Ahe samples, -whereby the reflection coefficient RO of trie first 
recording layer, the reflection coefficient R1 of the second, recording layer; the reflection coefficient -R2 of ? the third 
recording layer and the reflection coefficjent>R3 of; the fourth recording layer thereof were measured and the difference 
in reflection coefficients thereof was calculated. .-\*:-.v > . >/i . ^ ^ 

[0411] The resulta of the, measurement and the calculation are shown in Table 13. 







•. .-<- ■ 


Table 13. > 








D3/D2 


R3 (%) 


;R2'(%) 


Ri (%) f 


R0 (%) " 


difference' ih reflectibn coefficients 


sample #45 


0.54 


3.6 


3.2 


3.9 


3.8 


0.7 


sample #46 


0.64 


3.6 


4.2 


3.5 


3.4 


0.8 


sample #47 


0.79 


3.6 

• .- ^\ 


5.4 


3.0 


3.0 


2.4 


comparative sample #9 


0.36 


3.6 


1.7 


4.7 


4.6 


3.0 


comparative sample #1 0 


0.96 


3.6 


6.7 


2.6 


2.6 


4.1 



[0412] As shown in Table 13, in the case where the second recording layer, the third recording layer and the fourth 
recording layer were formed using the target consisting of the mixture of ZnS and Si6 2 and the target consisting of Al f 
it was found that ih the optical recording disk samples #45 to #47 in each of which the ratio D3/D2 of the thickness D3 
of the third recording layer to the thickness D2 of the second recording layer was 0.54 to 0.79, the reflection coefficient 
R0 of the first recording layer, the reflection coefficient R1 of the second recording layer, the reflection coefficient R2 of 
the third recording layer and the reflection coefficient R3 of the fourth recording layer of each optical recording disk 
sample exceeded 3 % and were sufficiently high. Further, it was found that the differences in reflection coefficients of 
the optical recording disk samples #45 to #47 were 0.7 %, 0.8 % and 2.4 %, respectively, and lower than 3.0 %, and 
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that the reflection coefficient RO of the first recording layer, the reflection coefficient R1 of the second recording layer, 
the reflection coefficient R2 of the third recording layer and the reflection coefficient R3 of the fourth recording layer of 
each optical recording disk sample were substantially equal to each other. 

[0413] To the contrary, it was found that in the optical recording disk comparative samples #9 and #10 in each of 
which the ratio D3/D2 of the thickness D3 of the third recording layer to the thickness D2 of the second recording layer 
was outside of the range of 0.54 to 0.79* the reflection coefficient R2 of the third recording layer of the optical recording 
disk comparative sample #9 was lower than 3 % and the difference in reflection coefficients of the optical recording disk 
comparative sample #10 was 4.2 % exceeded 3 %. Therefore, it was found that the reflection coefficient R0 of the first 
recording layer, the reflection coefficient R1 of the second recording layer, the reflection coefficient R2 of the third 
recording layer and the reflection coefficient R3 of the fourth recording layer of each optical recording disk comparative 
sample were different from each other. 

Working Example 14 

[0414] An optical recording disk sample #48 was fabricated in the manner of fabricating the optical recording disk 
sample #45 except that the third recording layer and the fourth recording layer were formed so that the thickness D3 of 
the third recording layer was equal to 1 6.4 nm and that thethickness D4 of the fourth recording layer was equal to 1 1 nm. 
[0415] The ratio D4/D2 of the thickness D4 of the fourth recording layer to the thickness D2 of the second recording 
layer was 0.39. . , * , 

[0416] Then, an optical recording disk sample: # 49 was fabricated in the manner of fabricating the optical recording 
disk sample # 48 except that the fourth recording layer was formed so- that it had a thickness D4 of 13 nm and the ratio 
D4/D2 of the thickness D4 thereof to the thickness D2 of the second; recording layer was 0.46: 

[041 7] Further, an optical recording disk sample # 50 was fabricated in the manner of fabricating the optical recording 
disk sample # 48 except that the fourth recording layer was formed so that it had a thickness D4 of 16 nm and the ratio 
D4/D2 of the thickness D4 thereof to the thickness D2 of the second recording layer was 0.57. - : ■ * 
[041 8] Then, an optical recording disk comparative sample #11 was fabricated in the manner of fabricating the optical 
recording disk sample # 48 except that the fourth recording* layer was f ormed= so that it had a. thickness D4 of 10 nm and 
the ratio D4/D2 of the thickness D4 thereof to the: thickness D2 of the second recording layer was 0.36. 
[0419] Further, an optical recording disk comparative sample #12 was fabricated in the manner of fabricating the 
optical recording disk sample # 48 except that the fourth recording layer was formed so that it had a thickness D4 of 21 
nm and the ratio D4/D2 of ,the thickness D4 thereof to the thickness D2 of the second recording layer was 0.75. 
[0420] Then; an optical recording disk comparative sample #13 was fabricated in the manner of fabricating the optical 
recording disk sample # 48 except that the fourth recording layer was formed so that it had a thickness D4 of 25 nm and 
the ratio D4/D2 of the thickness<D4 thereof to the thickness D2 of the second 5 recording layer was 0 89. 
[0421 ] Then, similarly to in Working Example 1 0, the optical recording disk samples #48*o #50 and theoptical recording 
disk comparative samples #1 1 to #1 3 were sequentially set in the above-mentioned optical recording medium evaluation 
apparatus and a laser beam having a wavelength of 405 nm was projected onto the first recording layer, the second 
recording layer and the third recording layer of each of the samples, whereby the reflection coefficient R0 of the first 
recording layer, the reflection coefficient R1 of the second recording layer, the reflection coefficient R2 of the third 
recording layer and the reflection coefficient R3 of the fourth recording layer thereof were measured and the difference 
in reflection coefficients thereof was calculated. 

[0422] The results of the measurement and the calculation are shown in Table 14. 



Table 14 





D4/D2 


R3 (%) 


R2 (%) 


R1 (%) 


R0 (%) 


difference in reflection coefficients 
(%) 


sample #48 


0.39 


3.1 


3.8 


3.8 


3.7 


0.7 


sample #49 


0.46 


4.1 


3.5 


3.5 


3.5 


0.6 


sample #50 


0.57 


5.7 


3.2 


3.2 


3.1 


2.6 


comparative sample #11 


- 0.36 


2.7 


4.0 


4.0 


3.9 


1.3 


comparative sample #1 2 


0.75 


8.2 


2.7 


2.7 


2.6 


5.6 ! 


comparative sample #13 


0.89 


10.0 


2.3 


2.3 


2.3 


7.7- 



[0423] As shown in Table 14, in the case where the second recording layer, the third recording layer and the fourth 
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recording layer were formed using the target consisting of the mixture of ZnS and Si0 2 and the target consisting of Al, 
it was found that in the optical recording disk samples #48 to #50 in each of which the ratio D4/D2 of the thickness D4 
of the fourth recording layer to the thickness D2 of the second recording layer was 0.39 to 0.57, the reflection coefficient 
R0 of the first recording layer, the reflection coefficient R1 of the second recording layer, the reflection coefficient R2 of 

$ the third recording layer and the reflection coefficient R3 of the fourth recording layer of each optical recording disk 
sample exceeded 3 % and were sufficiently high. Further, it was found that the differences in reflection coefficients of 
the optical recording disk samples #48 to #50 were 0.7 %, 0.6 % and 2.6 %, respectively, and lower than 3.0 %, and 
that the reflection coefficient R0 of the first recording layer, the reflection coefficient R1 of the second recording layer, 
the reflection coefficient R2 of the third recording layer and the reflection coefficient R3 of the fourth recording layer of 

io each'bpticalrecordinjg disk sample were substantially equal to each other; 

[0424] To the contrary, it was found that in the optical recording disk comparative samples #1 1 to #13 in each of which 
the ratio D4/D2 of the thickness D4 of the fourth recording layer to the thickness D2 of the second recording layer was 
outside of the range 0.39 to 0.57, the reflection coefficient R3 of the fourth recording layer of the optical recording disk 
comparative sample #1 1 , the reflection coefficient R1 of the second recording layer and the reflection coefficient R2 of 

15 the. third recording Jayei; of the. optical recording disk comparative sample #12 and the reflection coefficient R0 of the 
first recording layer, the reflection coefficient R1 of the second recording layer and the reflection coefficient R2 of the 
third recording layer of the optical recording disk comparative sample #13 were lower than 3 % and the differences in 
reflection coefficients of the optical recording disk comparative samples #1 2 and # 1 3 were 5.6 % and 7.7 % and exceeded 
3 %. Therefore, it was found that the reflection coefficient R0 of the first recording layer, the reflection coefficient R1 of 

20 the second recording layer, the reflection coefficient R2 of the third recording layer and the reflection coefficient R3 of 
the fourth recording layer of each optical recording disk comparative sample were different from each other. 

Working Example 15 

25 [0425] Similarly to in Working Example 1 1 , a polycarbonate substrate was fabricated and a first recording layer and 
a first intermediate layer were sequentially formed on the surface of the polycarbonate substrate. 
[0426] Then, the polycarbonate substrate formed with the first recording layer and the first intermediate layer pn the 
surface thereof was set on the sputtering apparatus arid a second, recording -layer having a thickness of 21.2 nm was 
formed by the sputtering process using a mixture target consisting of the mixture of ZnS and Sib 2 and a target consisting 

30 of zn T ' / •' [[ ' " ; ? M '[''"' '. . ' ' 

[0427] The'moie ratio of ZnS to Si0 2 in the mixture of ZnS and Sib 2 contained in the target was 80:20. 
[0428] | ' The composition of the second recordihg layer was measured similarly to in Working Example 1 and'as a result, 
the second recording layer contained 42. 1 atomic % of Zn, 9.7 atomic % of Si, 18- 4 atomic % of O and 29.8 atomic % of S. 
[0429] Then, similarly to the manner of forming the first intermediate layer on the first recording layer, a second 

35 intermediate a thickness of 15 jim was' formed by the^sputtering ■ process on " the STC^hd recording layer 

and similarly to the mariner of forming the second recording layer on the first intermediate layer, a third recording layer 
having a thic fcriess 'of 1 2 nm was formed by the sputtenng'proce^s on the second intermediate layerf " 
[0430] The ratio D3/D2 of the thickness D3 of the third recording layer to the thickness D£ of the seporid recording 
layer was 0.57.' " ^ ' *"^ r f ' J ' . " • *' . * ' J \ ' ■ ' " -V- ' '• : " . 

40 [p43l ] Further, similarly to the manner of forming the first intermediate layer on the first recording layer, a third inter- 
mediate layer haying'a-thidKpeis' of 1 5 p.m ' was'formed by the sputtering process on the second recording layer and 
similarly to the manner of forming the second recording layer on the first intermediate layer, a fourth recording layer 
having a thickness of ^ 10.8 nm was formed by the sputtering process pn the third intermediate layer. 
[0432] Finally,' the four^ wa6 coated using the spin coating' method a re?ih solution prepared by 

45 dissolving acrylic ultra vioiet curing resin in a solvent to foVrn a coating layer and the coating layer wais irradiated with 
ultraviolet rays, thereby curing the acrylic ultraviolet curing resin to form a protective layer having a thickness of 70 |tm. 
[0433] Thus, the optical recording disk sample #51 was fabricated. 

[0434] Then, an optical recording disk sample # 52 was fabricated in the manner of fabricating the optical recording 
disk sample # 51 except that the third recording layer was formed so that it had a thickness D3 of 14 nm and the ratio 
so D3/D2 of the thickness D3 thereof to the thickness D2 of the second recording layer was 0 66. 

[0435] Further, an optical recording disk sample 4 S3 was fabricated in the manner of fabricating the optical recording 
disk sample # 51 except that the third rercbrding^ layer was formed so that it had a thickness D3 of 16 nm and the ratio 
D3/D2 of the thickness D3 thereof to the thickness D2 of the second recording layer was 0.75. 

[0436] Then, an opticaj recording disk sample # 54 was fabricated in the mariner of fabricating the optical recording 
55 disk sample # 51 except that the third recording layer was formed 'so that it had a thickness D3 of 19 nm and the ratio 
D3/D2 of the thickness D3 thereof to the thickness D2 of the second recording layer was 0.90. 

[0437] Further, an optical recording disk comparative sample #14 was fabricated in the manner of fabricating the 
optical recording disk sample # 51 except that the third recording layer was formed so that it had a thickness D3 of 10 
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nm and the ratio D3/D2 of the thickness D3 thereof to the thickness D2 of the second recording layer was 0.47. 
[0438] Further, an optical recording disk comparative sample # 15 was fabricated in the manner of fabricating the 
optical recording disk sample # 51 except that the third recording layer was formed so that it had a thickness D3 of 21 
nm and the ratio D3/D2 of the thickness D3 thereof to the thickness D2 of the second recording layer was 0.99. 
[0439] Further, similarly to in Working Example 10, the optical recording disk samples #51 to #54 and the optical 
recording disk comparative samples #14 to #15 were sequentially set in the above mentioned optical recording medium 
evaluation apparatus and a laser beam having a wavelength of 405 nm was projected onto the first recording layer, the 
second recording layer and the third recording, layer of each of the samples, whereby the reflection coefficient R0 of the 
first recording layer, the reflection coefficient R1 of the second recording layer, the reflection coefficient R2 of the third 
recording layer and the reflection coefficient R3 of the fourth recording layer thereof were measured and the difference 
in reflection coefficients thereof was calculated. r 
[0440] The results of the measurement and the calculation are shown in Table 15. 



Table 15 



15 





D3/D2 


R3(%) 


R2(%) 


R1 (%) 


R0(%) 


difference in reflection coefficients 
(%) 


sample #51 


0.57 


4.0 




; 4.3 


4.3 




" r sample #52 


0.66 


4.0 


4.0 


4:0 


4:0 


0.0 


sample #53 


0,75 


4.0 


.4,8 


3.7 


3.7 


..... 14 


sample #54 


0.90 


4.0 


6.1 


3.3 


3.3 


2.8 


comparative sample #14 


0.47 


4.0 


2.3 


4.7 


4.7 


2.4 


comparative sample #15- 


0.99 


4.0 ■ 


. 6.9 


3.1 


3.1 


3.8 
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[0441 J. As shown in Table 15, in the case where the second recording layer, the third recording, layer and the fourth 
recording layer were formed using the target consisting -bftfiie rriixture of ZhS and Si6 2 and the target consisting of Zn, 
it wks found that in the dptidal recording disk samples #51 to #54 in each of which the ratio D3/D2 of the thickness D3 
of the third recording layer tp, the thickness D2 of the second recordingjayer was 0.57 to 0.90, the reflective coefficient 
R0 of the first recording layer, th^ the Sjecorvci recording layer,, the reflect^ 

the third recording layer and the reflective "coefficient R3 of the fourth record^ each optical recording disk 

sample exceeded 3 % and were sufficiently high, further, it was found that the differences in reflective coefficients of 
the optica) recording disk samples #51 to #54 were 1 2 %, 0.0 1 % and 2J3 %, respectively, and lower than 3.0 %, 
and that the reflet of the first recording layer, the reflective coefficient R1 of the second recording 

laydr, the reflective coefficient R2 of the third ^ the fourth recording 

layer of each optical recording disk sample were substantially epual. to each other. \ ' ! 

[0442] To the contrary, it Was found that in the optical recording 'disk'comi^rafaVe samples #14 and #15 in each of 
whjch the ratio D3/D2 of the thickness D3 of the third recording layer to the of the second recording jayer 

was outside of the range of 0 57 to 0 90, the reflection coefficient R2 of the third recordinjg layer of the optical recording 
disk comparative sample #14 was lower than 3 % and the difference in reflection coefficients of trie optical recording 
disk comparative sample #15 was 3.8 % and exceeded 3 %. Therefore,, it was found that the reflective coefficient R0 of 
the first recording layer, the reflective coefficient R1 of the second recording layer, the reflective coefficient R2 of the 
third jrecordingj^ 
sample were different from m 

Working Example 16 

[0443] An optical recording disk sample #55 was fabricated in the manner of fabricating the optical recording disk 
sample #51 except that the third recording layer arid the fourth recording layer were forme that the thickness D3 of 
the third recording layer was equ^ equal to 9 rim. 

[0444] The ratio D4/D2 of the thickness D4 of the fourth recording layer to the thickness D2 of the. second recording 
layer of the optical recording disk sample #$5 was 6.42. ; *" 
[0445] Then, an optical recording disk sample # 56 was fabricated in the manner of fabricating the optical recording 
disk sample # 55 except that the fourth recording layer was formed so that it had a thickness D4 of 1 1 nm and the ratio 
D4/D2 of the thickness D4 thereof to the thickness D2 of the secondVecprding layer was 0.52. 

[0446] Further, an optical recording disk sample # 57 was fabricated in the manner of fabricating the optical recording 
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disk sample # 55 except that the fourth recording layer was formed so that it had a thickness D4 of 14.5 nm and the 
ratio D4/D2 of the thickness D4 thereof to the thickness D2 of the second recording layer was 0.68. 
[0447] Then; an optical recording disk comparative sample #16 was fabricated in the manner of fabricating the optical 
recording disk sample # 55 except that the fourth recording layer was formed so that it had a thickness D4 of 8 nm and 
the ratio D4/D2 of the thickness D4 thereof to the thickness D2 of the second recording layer was 0.38. 
[0448] Further, an optical recording disk comparative sample #17 was fabricated in the manner of fabricating the 
optical recording disk sample # 55 except that the fourth recording layer was formed so that it had a thickness D4 of 16 
nm and the ratio D4/D2 of the thickness4D4 thereof to the thickness D2 of the second recording layer was 0.75, 
[0449] Then, similarly to in Working Example 1 0, the optical recording disk samples #55 to #57 and the optical recording 
disk comparative samples #1 6 and #1 7 were sequentially set in the above mentioned optical recording medium evaluation 
apparatus and a laser beam, having a wavelength of 405 nm was projected onto the first recording layer, the second 
recording layer and the third recording layer of each- of the samples, whereby the reflection coefficient R0 of the first 
recording layer, the reflection coefficient R1 of the second recording layer, the reflection coefficient R2 of the third 
recording layer and the* reflection coefficient R3 of the fourth recording layer thereof were measured and the difference 
in reflection coefficients thereof was calculated; * - •, ;- •-» < - . 

[0450] -The results ofthe measurement and the calculation: are shown in Table 16. 



Table 16 





D4/D2 


R3 (%) ' 


R2 (%) * 


RY(%) 


RO (%) v 


difference in reflection coefficients 

>> ■ • ^ < (%)^ - 


sample, #55 ; 


,0.42 , 


3.0 . , 


4.3 > 






. M^- 1-3.*... ; - 


• : sample #56 


0:52 


4.2 " 


3.9 


s 4.0 5 


4.0 


0.3 


sample #57 s 


0.68 v 


M r 


3S 


- 35 


3,5 


2.9 


comparative sample #16 


0;38 


?.-o-<2i7--: 


4.4 


.* 4.4 


4.4 




comparative sample #17 


'0:75* 




'^3.2 '\ 


3.3 " 


• 3.3 


4.3^ 



[0451] As shown in Table 16, in the case w^ the second recording layer, the third recording ^ 

recording layer were forrried usihg the tarjgef consist! of ZnS and SiO^ and the target consisting of Zn, 

1 it was^foUnd that-iri th^ optical rebbfdingdisk samples #55 to #57 in each of which the ratio D4/D2* of the thickness D4 
of the fourth recording layer to the thickness D2 of the second recording layer was 0.42 to QlGB} the reflection coefficient 
R0 of the first recording 1 layer;- thd 'reflection c6efficient J R1 of the second'T^ording layer, the reflection coefficieht : R2 of 

; the -third Recording layer-arid the reflection coefficient -R3 of Hhe fourth recording layer of each optical recording disk 
sample exceeded 3 % and were sufficiehtly high. Further, it was found that the differences in reflection coefficients of 
the optical recordihg^disk samples % arid'2i9 %; respebti^eiyj and lower tharv'3.0^%, and 

that the Veflectioh'cbefficien 

the reflection coefficient R2 of the third recording layer and the- reflection coefficient R3 'ofthe fourth recording layer of 
each optical recording disk sample were substantially equal to each otheH ^ ^= ••> <•*■> v ''••>•..,:-• a-Wt ^ v 
[0452] To the contrary, it was found that in' the optical' recording disk comparative samples #16 ; and #17 in eabh* of 
which the ratio D4/D2 of the thickness D4 of the fourth recording layer to the thickness D2 of the second recording layer 
was outside of the range 0.42 to 0.68, the reflection coefficient R3 of the fourth recording layer of the optical recording 
disk comparatiye samplei#16i was lower than 3 % and the difference in. reflection ^efficients of the optical recording 
disk comparative sample #17 was 4.3 % and exceeded 3 %. Therefore, it was found that the reflection coefficient R0 of 
the first recording layer, the reflection coefficient R1 of the second recording layer, the reflection coefficient R2 ofthe 
third recording layer arid the reflection coefficient R3 of the fourth recording layer of each optical recording disk com- 
parative sample were different from each other. 

Working Example 17 

[0453] Similarly to in Working Example 1 1 , a polycarbonate substrate was fabricated and a first recording layer and 
a first intermediate layer were sequentially formed on the surface of the polycarbonate substrate. 
[0454] Then, the polycarbonate substrate formed with the first recording layer and the first intermediate layer on the 
surface thereof was set on the sputtering apparatus and a second recording layer having a thickness of 21.2 nm was 
formed by the sputtering process using a mixture target consisting of the mixture of Si0 2 , Si 3 N 4 and La 2 0 3 and a target 
consisting of Mg. . 
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[0455] The mole ratio of Si0 2 , Si^ and La 2 0 3 contained in the target was 30:50:20. 

[0456] The composition of the second recording layer was measured similarly to in Working Example 1. It was found 
that the second recording layer contained 6.2 atomic % of La, 24,1 atomic % of Si, 23.1 atomic % of Mg, 24.6 atomic 
% of O and 22.0 atomic % of N. 

[0457] Then, similarly to the manner of forming the first intermediate layer on the first recording layer, a second 
intermediate layer having a thickness of 15 p.m was formed by the sputtering process on, the second recording layer 
and similarly to the manner of forming the second recording layer on the first intermediateJayer, a.third recording layer 
having a thickness of 20 nm was formed by the sputtering process on the second intermediate layer 
[0458] The ratio *D3/D2 of the thickness D3 of the third recording layer to the thickness D2 of the second recording 
layer was 0:50; n .. , '-t*v — , v -'-.. . c : ... ■ 

[0459] Further, similarlyto the manner of forming the first intermediate [layer on the first, recording layer, a third inter- 
mediate layer having a thickness of 15 p,m was formed by the sputtering ^process on the second recording layer and 
similarly to the manner of forming the second recording layer on the first intermediate layer, a fourth recording layer 
having? a thickness of 19-nm was formed by the sputtering process on the third, intermediate layer. 
[0460] Finally, the fourth recording layer was coated using the spin coating method with a resin solution prepared by 
dissolving acrylic ultraviolet curing resin in a solvent 4o form a coating layer and the coating layer was irradiated with 
ultraviolet rays, thereby curing the acrylic ultraviolet curing resin to form a protective layer having a thickness of 70 ^m. 
[0461] Thus, the optical recording disk sample # 58 -wasiabricated. 

[0462] iTt Then, an optical recording disk sample # 59 was fabricated in the manner of fabricating the optical recording 
disk sample # 58 except that the third recording layer was formed so that it had a thickness D3 of 25 nm and the ratio 
D3/D2 of the thickness D3 thereof to the thickness D2 of the second recording layer was 0.63. 

[0463] Further, an optical recording disk sample # 60 was fabricated in the manner of fabricating the optical recording 
disk sample # 58 except that the third recording layer was formed so that it had a thickness D3 of 30 nm and the ratio 
D3/D2 of the thickness D3 thereof to the thickness D2 of the second recording layer was 0.75. 

[0464] Then, ah optical recording disk sample # 61 was fabricated in tHfe manner of fabricating the optical recording 
disk sample # 58 except that the third recording layer was formed so that it had a thickness D3 of 37 nm.and the ratio 
D3/D2 of the thickness D3 thereof to the, thickness D2 of the second recording layer was 0.93. 

[0465] Further, an optical recording disk comparative sample #18 was fabricated in the rnariner of fabricating the 
optical recording disk sample # 58 except that the third recording layer was formed so that it had a thickness D3 of 13 
nm and the- ratio. D3/D2 of the thickness. D3 thereof to the thickness D2 of the second recording layer vyas 0.33. .. 
[0466] Then; an optical' recording disk comparative sample #19 was fabricated in the manner of fabricating the pptical 
recording jdisk sample/ft^ 

the ratio D3/D2i of the thickness D3 thereof i. ; Q5- r < :.. 

[0467] ^ Further, similarly to in v Working Example, 1 0, the optical, recp rding^disk samples #58 to #61 and the optical 
recQrding^disk:comparative sam 

evaluation apparatus and a laser beam having a^wavelength of 405 rjrn was projected onto the first recording layer,, the 
second recordingrlayer^and.the thirol recording layer of each of the samples, whereby.the reflection coefficient RO of the 
first. recording layeMheirefl^ion coefficient-RI of the secon reflection coefficient R2 of ithe third 

recording layer and the reflection coefficient R3 of the fourth recording layer thereof were measured and the difference 
in reflection coefficients thereof was calculated. ..- i,y,iy.ii,z r • ~ 

[0468] The results of the measurement andvthe. calculation: are shown in Table 17, 



Table 17 





D3/D2 


• R3-(%) 


R2 (%) 


R1 (%) 


R0(%) 


difference in reflection coefficients 

. :(%) >• 


sample #58 .. „ 


, 0.50 


4 1 


. 3 r i r 


4 - 3 






sample #59 


0.63 


4.1 


4.2 


3.9 


4.0 


0.3 


sample #60 


0.75 


4.1 


5.2 


3.6 


3.6 


1.6 


sample #61 


0.93 


4.1 


6.1 


3.2 


3.3 


2.9 


comparative sample #18 


0.33 


4.1 


1.5 


5.0 


5.0 


3.5 


comparative sample # ; 1 9 


, 1;05 : 


4.1 


6.5 


3.1 ; 


■ r 3.1 


3.4 
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[0469] As shown in Table 17, in the case where the second recording layer, the third recording layer and the fourth 
recording layer were formed using the target consisting of the mixture of Si0 2 , Si 3 N 4 and La 2 O a and the target consisting 
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of Mg, it was found that in the optical recording disk samples #58 to #61 in each of which the ratio D3/D2 of the thickness 
D3 of the third recording layer to the thickness D2 of the second recording layer was 0.50 to 0.95, the reflective coefficient 
R0 of the first recording layer, the reflective coefficient R1 of the second recording layer, the reflective coefficient R2 of 
the third recording layer and the reflective coefficient R3 of the fourth recording layer of each optical recording disk 
sample exceeded 3 % and were sufficiently high. Further, it was found that the differences in reflective coefficients of 
the optical recording disk samples #58 to #61 were 1.2 %, 0.3 %, 1.6 %and 2.9 %, respectively, and lower than 3.0 %, 
and that the reflective coefficient R0 of the first recording layer, the : reflective coefficient R1 of trie second recording 
layer, the reflective coefficient R2 of the third recording layer and the reflective coefficient R3 of the fourth recording 
layer of each optical recording disk sample were substantially equal to each other. 

[0470] Tp the contrary, it was found that in the > optical recording djsk pomparative samples #18 and #19 in each of 
which the.ratip D3/D2 of the thickness D3 of the third, recording layer, to the, thickness D2, of second recording layer 
was outside of the range pf0.50;tp 0.9§* the ref lectipn.cpeff jpient ^ R2 .of the third recording layer of the optical recording 
disk comparative sample #1 8 wasjower than 3 % and the, differences in reflection. coefficients of the optical recording 
disk comparative % and exceeded -3-4^%. The/ejpre, it was found that the reflective 

coefficient RQ of the first recording layer, thereflective coefficient Rlpfthe second recording layer, the reflect coefficient 
R2 of the thirdjrecprding layer and the ref lectiye, coefficient R3 of the; fourth recording layer of eachppticai recording 
disk comparative sample were. different from each other. 

Working Example 18 • . 

[0471] An optical recording disk.sample #62 was fabricated ,in the manner of, fabricating the .optical recording disk 
samp!e.#58 except that the third recording layer and the fourth recording layer were formed so^that the thickness D3 of 
the^ird recprding^layer was and that the thiqkness D4. Qlthejlourth recording layer, was equal to 1 6,nm. 

; -[0472] , The ratio D4/D2 pf4he thickness Q4 of the fourth recording layer to the thickness,D2 of the second recording 
layer bfthe optical recording disk sam^ ,_.>. :! . , 

[047,3] Then^an.pptical^ecordingAd in, the. manner of fabricating the optical recording 

disk sample # 62 except that the fourth, recording layer vyas formed so that it had a thickness D4. of 1 9 nm and the ratio 
D4/D2 of the thickness D4 thereof to the thickness D2 of the second recording layer was>0.48; - 
[Q4741 iHlfurtheri-anrOpticabrecprd 

v,disk : sari)ple/;# £2 pxcepMha^th^^f pqr^h. recording; layer >was. formed so that it had^a thickness p4 pf 22 nm and the ratio 
D4/D?pft^ 

liif^T^lx : Then,] an pptical : .re^rding^ls 2 k sample # 65. vyas fabricated in the manner v of fabricating the optical recording 
diskjsample the ratio 

P4/D2tpf the thic^es^ 

■fK0$h Punier, an pptica| £ recprd^ sample ^O^was^te^ 

optical recording, disk sample #, ^2 except that the fourth: recording layer was formed so that it had a thickness, D4 of 1 3 
-nm <anp! the ratio P4/D2 gf\ the thickness -p^^therepf to ^he.ttyc^ne^ recording layer; was 0:33. 

^[MT?]^ '-Thep^an ppticafrecording^iskCQ 

, recording disk sample # 62 except that the fourth recording layer was fprrnep! so that rt^ of . 30 nm and 

the rajtio D4/D2 of thp ^ P2.pf the second, recprdiqg layer was 0,75. ^ 

[0478]t .Then, similarly to in vVprking^Exampje 1 0, the optical recording disk sampie 

disk comparative samples #20 and #21 were sequentially set in the above mentioned optical recording medium evaluation 
apparatus and a laser beam Jiaving-a. wavelength of 405 nm was projected pntp.the first recording laye^ the second 
recprp!ing:layer,and.the thirp?. recording, layer of each of ,the ; sar^ples,; 3 where the reflection coefficient RO of the first 
recording layer, .the reflection coefficient ,R 1 of. the. second recording layer, tlje - ref lection .coefficient, R?, pf . the th ird 
recording layer and the ref lectioa coefficient R3 of the fourth recording layer thereof were measured and the difference 
in. reflection coefficients, thereof yyaspalculated.r . 
[0479] The results oMhe ; measurement and the calculation are shown in Table 18. 



Table 18 : . . } . ■ v- • -.' 





D4/D2 

. -'. , -• 


R3 (%) 


R2 (%) 


R1 (%) 


R0 (%) 


difference in reflection coefficients 
(%) 


sample #62 


0.40. 


3.1 


4.2 


4-3 


4.3 


1.2 


sample #63 


0.48 


4.1 


4.0 


4.0 


4:0 


0.1 


sample #64 


0.55 


5.1 


3.7 


3.8 


3.8 


1.3 
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(continued) 





D4/D2 


R3(%) 


R2 (%) 


R1 (%) 


R0 (%) 


difference in reflection coefficients 
(%) 


sample #65 


G;65 


6.3 


3.5 


3.5 


3.5 


2.9 


comparative sample #20 


0.33 


2.2 


4.5 


4.5 


4.5 


2.3 


comparative sample #21 


0.75 


7.4 . 


3,3 


3,3 


3.3 ; 


4.2 



[0480] As shown in Table 18^ in the Case where the second recording layer, the third recording layer and the fourth 
recording layer were formed using the target consisting of the mixture of Si0 2 , S13N4 arid La^0 3 and the target consisting 
of Mg; it was found that in the optical recording disk samples #62 to #65 in each of which the ratio D4/D2 of the thickness 
D4 of the fourth recording layer to the thi^ 

RO'dif the first recording layer; the refliection'coe^fci^rit'RI of the second redbrdirig layer, the reflection coefficient R2 of 
the third' recording layer and recording disk 

sample exceeded 3 %arid were 'sufficiently 1 high: further; it was fburid- tHat the differences in reflection coefficients of 
the optical recording disk samples #62 to #65 were 1.2 %, 0: 1 *'%/ i '.3 v %'aRd '£ -9' %; respectively , -and lower than '3.0* %, 
and that the reflection coefficient R0 of the first recording layer, the reflection coefficient R1 of the second recording 
layer, the reflection coefficient R2 of the third recording layer and the reflection coefficient R3 of the fourth recording 
layer of each optical recording disk sample were substantially equal to each other. 

[0461] To the contrary, it Was fou^ disk comparative Samples #20 and #21 in each of 

whibh the ratio D4/D2 of the thickness D4 of the fourth recording layer to the thickness D2 of the* second recording layer 
Was outside bf the' rari^ of the fburfh recbrdirig la^er of the optical recording 

disk cbmparative "sample^ #20 was IbweY than 3 % and the differenbe' in reflection coefficients bf the optical recording 
disk comparative sample #21 was 4.2 % and exceeded 3 %. Therefore, it was found that the 5 reflection coefficient R0 of 
the- first recording layer; the reflection cbeffibient 'Rt bf the secdnd'-tecbfdih^'layeri' the Wflectibn^ coefficient R2 of the 
third recording lalyer and the reflection bb^ fb'uHhTecoraihg^la^er of 'e^dh > ' : 6ptical- recording' disk- com- 

parative sample were different frbRi-'e^h^iher;'' '' f ( ^. • i-.-r-y, $ : 

[6482] ; The present invention has thus been shown arid desbribed with reference to i^pecifib erribbdiments and working 
examples! However; it Uhbuld bb rioted that the present iriventibri 5 fe v ih- : no' way limited :td^ttte ? details of the described 
arrangements but changes arid mbdificati b hs } may* b'e ■ made with out de pa rti rig : : f fbrnHhe scope of'- the ap pen d ed claims. 
[0483] For exahnple, ^ in the above described embodirtierit^ the third recording 

layer 40 and the fourth rebb^ 

such as the sputtering pirobe^s' using a' target consisting of th'b ;; riiixti!lre* ; 6f 'ZrtS } and r ISiO^ and- a target consisting 'of at 
least drib'riie^al seifectbd from arid Ti. -However/ it is; riot absolutely necessary for each of 

the secdrid rebordirig layer 30?tffie -third n^bri3iri<j 'layer 40 arid the fourth recording layer 50 of the optical recording 
mediurriWO^IOOtobbte™^ 

mixture of 1 ZriS arid ; SiO^ iirid 1 a tangeit xbttsi§tirigWaf Ibast - ; ph^rilet^r-s@lecf&d*frorh : the group consisting of Mg; At arid 
; Ti; arid bach of the second recordirig la^ arid the fourth rebbrdirig layer 50 bf the optical 

recording medium -10, 1 1 00 rriay be ; f brriied^by such as the sputtering process using a target 

containing a mixture of ZriS arid SiO| as a primary cbrnponerit arid a target containing at least one metal selected from 
the group consisting of Mg, Al and Ti as a primary component. 

[0484] Further, in the above described erribbdimerits, each of the second recording layer 30, the third 1 recording layer 
40 arid the fburth 1 00 is fbrfried by a 1 vapor growth process such 

asthe sputteririg-pr^ consisting bf the' mixture of ZnS arid SiC^ arid #ferget consisting of at' least 

one metal selected firorri the group consisting of Mg; Al arid Ti arid as a result^ each of the ; secdrid recording layer 30, 
the third recording layer 40 and the fourth recording layer 50 of the optical ^recording mediurri 10, 100 contains Zn; Si, 
O and S as a primary component arid at least brie metal selected frbrri the gfbup corisis(ting of Mg; Al and fi'as an 
additive. However, it is not absolutely necessary for each of the second recording layer 30, the third recording layer 40 
and the fourth recording layer 50 of the optical recording medium 10, 100 to be formed by a vapor growth process such 
as the sputtering process using a target consisting of the mixture of ZnS and SiO^ and a target consisting of at least 
one metal selected from the group consisting of Mg, Al and Ti and each of the second recording layer 30, the third 
recording layer 40 and the fourth recording layer 50 of the optical recording medium TO, 100 can be formed by a vapor 
growth process such as the sputtering process using a target consisting of a mixture of La 2 0 3 , Sid 2 and Si 3 N 4 as a 
primary component and a target containing at least one metal selected from the group consisting of Mg, Al and Ti as a 
primary component. In the case where each of the second recording layer 30, the third recording layer 40 and the fourth 
recording layer 50 of the optical recording medium 10, 100 is formed in this manner, each of the second recording layer 
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30, the third recording layer 40 and the fourth recording layer 50 contains La, Si, O and S as a primary component and 
at least one metal selected from the group consisting of 'Mg,' Al and Ti as an additive. 

[0485] Furthermore, in the above described embodiments, although the second recording layer 30, the third recording 
layer 40 and the fourth recording layer 50 of the optical recording medium 10, 100 have the same composition, it is 
sufficient for differences in the contents of one metal selected from the group consisting of Zn, S\ t O and S to be equal 
to or smaller than 5 atomic % and it is not absolutely necessary the second recording layer 30;?the third recording layer 
40 and the fourth recording layer 50 of the optical recording medium 10, 100 to have the same composition. 
[0486] Further, although each of the second recording layer 30 and the third recording Iayer40 of the optical recording 
medium 1 0 contains Zn, Si; O and S as a primary component and at least one metal selected from the group consisting 
of Mg, Al and Ti as an additive in the embodiment shown in Figures 1 and 2, it is not absolutely necessary for each of 
the second recording layer 30 and the third recording layer 40 of the optical recording medium 10 to contain Zn, S\, O 
and S as a primary component and at least one metal selected from the group consisting of Mg,> Al andTi as an additive. 
It is sufficient for at least one of the second recording layer 30 and the third recording layer 40 oMhe- optical recording 
medium 10 to contain at least one metal?M selected from the group consisting of <Ni, Gu; Si, Ti, Ge, Zr,< Nb; Mo, In, Sn, 
W, Pb, Bi, Zn and La and an element X*which can combine wittvthe metal M' upon being' irradiated with a laser beam 
for recording data, thereby forming a crystal of a compound of the element X with the metal M and at least one of the 
second recording layer 30 and the third recording layer 40 of the optical recording medium 10 may contain at least one 
metal selected from the group consisting of Ni, Cu, Si, Ti, Ge, Zr, Nb, Mo, In, Sn, W, Pb, Bi, Zn and La and at least one 
element selected from the group consisting of S, O, C and N as a primary component and at least one metal selected 
from the group consisting of Mg,AI and Ti as anadditivei * , s -.,. 

[0487] Furthermore, although* each' of ;the second recording layer >30, the third recording layer-40^and the fourth 
recording layer 50 of ;the optical recording medium 100 containsZn, Si; O and S as a primary \compbnerit and at least 
one metal ^electedvfrom the groups consisting of'Mg; Al and Ti as, an additive in the embodiment shown in Figures 1 2 
and 13, it is not iabsolutely necessary for each of the second recording -layer 30; the third recording layer -40^ and the 
fourth recording layer 50 of the optical recording medium 100 to contain Zn, Si, O and S as a primary component and 
at least one metal selected from the group consisting of Mg, Al and Ti as an additive. It is sufficient for at least one of 
the second recording layer 30, ; the third t recording (layer 40 and the fourth 1 recording layer 50 i*bf> the optical recording 
medium 100 to contain at least one metal M selected from the grou Si, Ti/Ge.^Zr.'NbV Mo, In, Sn, 

Wv 'Pb] ? Bi; Zn and* La and an element X which can combine with the metal M upon being irradiated with a laser beam 
forrecording data/thereby forming ^ajcrystal of-a 'compound of the element X With the metal M and at lea^^ the 
second recording layer 30, the third recording layer 40 and the fou rth^ recording layer 50 of the optical recording-medium 
100 may contain at least one metal selected from the group consisting of Ni, Cu, Si, Ti, Ge, Zr, Nb, Mo, ln,.Sn, W, Pb, 
Bi, Zn and La and at least one element <selected>from the group consisting >ofS,O f G^and Ni as- a- primary, component 
and at least one metal* selected from theigroup consisting of Mg^Ahand Ti as an additive. • 1 f v 
[0488]- Moreover, in^he above described, embodiments, although each of the second recording lay^r 30,- the third 
recording layer 40^and the fourth* recording-layer 50 of the optical recording medium 10, ■ 1 00 is ; formed rustng a target 
consisting of at le£sfrone metal selected from thegroup consisting of Mg,/AI and Ti, each of the second recording layer 
30, the third recording layer 40 and the fourth recording layer 50 of the optical Tecording:medium> TO; Vl00>maybie formed 
using a target containing Zn or La as a primary component. 

[0489] * Further, in the ; above described embodiments, although the first recording layer 20 ?pfcthe optical recording 
miedium^O^IOOnncludes the first recordinjg film 23avcontaihing;Gu as^a primary component and itlte second recording 
film 23b containing Si as a primary component, it is not absolutely necessary for the first recording layer 20 of the optical 
recording medium 10,^100 to include the first recording film 23a containing Cu as a primary component and the second 
recording film 23b containing Si as a primary component. The first recording layer 20 of the optical recording medium 
TO- 1 00 may be formed so "as to contain at least one metal selected from *the group consisting: of Nij Gu^St^Ti, Ge, Zr, 
Nb; Md? lh; Sn; Wj>Pb/ Bi, Zn>and=La and atJeast one element selected from the group consisting of S; O, C and N as 
a primary 1 component >and tat least 'one' metal selected from the group consisting of Mg; Al and Ti as an additive and 
further; the first recording layer 20 of the optical recording medium 5 10, ;1 00 may be formed so as to contain- at least one 
metal M selected from the group consisting of Ni, Gu; S'u Ti, Ge, Zr, Nb, Mo, In, Sn, W,^Pb t Bi, Zn and La and an element 
X which can combine with the metal M upon being irradiated with a laser beam for recording data> thereby forming a 
crystal of a compound of the element X with the metal M. 

[0490] Furthermore; in the above described embodiments, although the first recording layer 20 of the optical recording 
medium 10, 100 includes the first recording film 23a containing Cu as a primary component and the second recording 
film 23b containing Si as a primary component, instead of the first recording layer 20, the support substrate 11 or the 
first intermediate layer 12 can be utilized as a recording layer adapted to enable only data reading by forming pits on 
the surface of the support substrate 1 1 or the first intermediate layer 12 and recording data therein. 
[0491] Moreover, in the above described embodiments, although the optical recording medium 10, 100 includes the 
light transmission layer 15, instead of the light transmission layer 1 5, a hard coat layer containing a hard coat composition 
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as a primary component may be formed or a hard coat layer containing a hard coat composition as a primary component 
may be formed on the light transmission layer 15. Furthermore, it is possible to add a lubricant to the hard coat layer or 
to form a lubricant layer on the hard coat layer, thereby causing the surface of the optical recording medium to have a 
lubricating property and a resistance to contamination. 

[0492] Further, although the laser beam L is projected via the light transmission layer 15 onto the first recording layer 
20, the second recording layer 30 and the third recording layer 40 in the embodiment shown in Figures 1 and 2 and the 
laser beam L is projected via the light transmission layer 15 onto the first recording layer 20, the second recording layer 
30j the third recording layer 40 and the fourth recording layer 50, the present invention is not limited to an optical recording 
medium havingsuch a configuration and the optical recording medium may include two or more recording layers between 
a substrate formed of a light transmittable material and a protective layer and be constituted so that a laser beam L is 
projected onto the recording layers via the substrate. > 

[0493] According to the present Mn vention,i it Js possible to provide an optical recording medium which includes a 
plurality of recording layers: and in which data can be recorded; in and reproduced from a farthest recording layer from 
a, light incidence plane in a desired manner and data can be recorded in and data can be reproduced from recording 
layer(s) other than the* farthest recording layer from the light incidence plane in a desired manner. 



Claims, 

1. An optical recording medium comprising a substrate and a plurality, of recording layers laminated via at least inter- 
mediate layers; at least one of the recording layers other than a recording layer farthest from a light incidence plane 
among the plurality of recording layers containing at least one metal M selected from a group consisting of Ni, Cu, 
Si, Ti; Ge, Zr 4 Nbi Mov Ini Sn, W, Pb, Bi, ;2n and La and, an element X which ?canxombine with the metal M upon 
being irradiated with a laser beam forrecprding data, thereby forming a crystal of a compound of the element X with 
the metal M. - ? - , . . - 

2. An optical recording mediumin accordance with Claim 1 , wherein all; of the recording layers other than the farthest 
recording* layerfrom the light incidenceiplane among the: plurality of recording layers contain at least one metal M 
selected fronrva group consisting of ;Ni^GunSi,?Ti,* Ge, Zn Nb* Mo, In, Sn, W, Rb^Bi^Znjahd'La and an element X 

' which cantcombine with the metal. M (upon being irradiated with a laser-beam for recording data, thereby forming a 
crystal of a compound of the^element X with the metal M. : 

3. An optical recording medium in accordance with Claim 1 , wherein all of the recording layersrother than the farthest 
recording layer to the light incidence plane among the ^ plurality of recordings layers contain at least , one metal M 

• selectedtfrorma group;consisting?of Ni,;Gu/ Si,:Ti; Ge, Zr, Nbi Mo, ln,»Sn,> Wv Pb^Bi, Zn land La and an element X 
; which can combine with the metal M uponbeingvirradiated with a laser beam; forr recording data, thereby forming a 
- crystal of a compound of the element X»with< the metal: M,and«are?f ormed ;in such a manner that the recording layers 
closer to the light incidence plane are thinner:: t • , - i- 

4. An optical recording medium in accordance with Claim 3, which comprises a first recording layer, a second recording 
layer and a third recording layer on the substrate in this order and the first recording layers. the. second recording 
layer and the third recording layer are formed so that the second recording layer has a thickness of 15 nm to 50 nm 
and that a ratio of the thickness of the third recording layer to the thickness of the second recording layer is 0.40 to 0.70. 

5i An optical recording medium in accordance with Claim 3, whichcomprises afirst recording layer, a secondrecording 
layer, a third recording layer and a fourth recording layer on the substrateun this order and the- first recording layer, 
the second recording layer, the third recording layer and the fourth recording^layer are formed so thaUhe second 
recording-layer has a thickness of 20; nm to 50, nmy. that a, ratio of the thickness of the>third recording layer to the 
thickness of the second recording layer is,0.48 to 0.93 and that a ratio of the thickness of the fourth recording layer 
to that of the second recording layer is 0.39 to 0.70. : 

6. An optical recording medium in accordance with any one of Claims 1 to 5, wherein the element X is constituted of 
at least one element selected from a group consisting of S, O, C and N. 

7. An optical recording medium in accordance with any one of Claims 1 to 6, wherein the at least one recording layer 
containing the metal M and the element X further contains at least one metal selected from a group consisting of 
Mg, Al and Ti. 
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8. An optical recording medium in accordance with Claim 7, wherein the recording layer containing at least one metal 
selected from a group consisting of Ni t Gu, Si, Ti, Ge, Zr, Nb, Mo^ In, Sn, W, Pb, Bi, Zn and La and at least one 
element selected from a group consisting of S,O t C and N as a primary component and being added with at least 
one metal selected from a group consisting of Mg, Al and Ti is formed by a vapor growth process* using a target 
5 containing at least one metal selected from a group consisting of Ni, Cu, Si, Ti, Ge, Zr, Nb, Mo, In, Sn, W, Pb, Bi, 

Zn and La and at least one element selected from a group consisting of S,O f C and N as a primary component and 
a target containing at least one metal selected from a group consisting of Mg, Al and Ti as a primary component. 

9;- : An optical recording medium in accordance with Claim 8, wherein the recording layer containing at least one. metal 
w selected from a group consisting of Ni, Cu, Si, Ti, Ge, Zr, Nb, Mo, In, Sn, W, Pb, Bi, Zn and La and at least one 

element selected from a group consisting of S,O t C and N as a primary component and being added with at least 
one metal selected from a group consisting of Mg, Al and Ti is formed by a vapor growth process using a target 
containing^ mixture of ZnS and Si0 2 or a mixture of La 2 03, SiO^ and Si 3 N 4 as a primary component and a target 
containing at least one metal selected from a group consisting of Mg, Al and Ti as a primary component. 

10. An optical recording medium* in accordance with Claim 1 , wherein the recording layer farthest from a light incidence 
plane among the plurality of recording layers includes a first recording film containing Cu as a primary component 
and a second recording film containing Si as- a primary component. 

20 11. An optical recording medium in accordance with Claim 1, wherein the plurality of recording layers are constituted 
so that data can be recorded therein and data can be reproduced therefrom using a laser beam having a wavelength 
of 380 nm to 450 nm. 



25 PaWhtanspruche • •• r - * 

it : Optisches Aufzeichnungsmedium; das ein Substrat und eine Mehrzahh von Aufzeichnungsschichten umfaBt, die 
zumindest uber Zwischenschichten laminiert sind/ wobei mindestens eine der Aufzeichnungsschichten, die von 
derjenigen Aufzeichnungsschicht verschieden ist, die von der Lichteinfallsebene am weitesten entfernt ist, aus der 
30 Mehrzahl von Aufzeichnungsschichten mindestens ein Metall M, ausgewahlt aus der Gruppe, die aus Ni, Cu, Si, 

Ti, Ge, Zr, Nb, Mo, In, Sn, W, Pb, Bi, Zn und La besteht, und ein Element X enthalt, das mit dem Metall M nach 
Bestrahlung mit einem Laserstrahl zur Datenaufzeichnung kombinieren kann^ wodurch ein Kristall einer Verbindung 
• des Elements X mit- dem' Metall M gebildet wird; 1 - 4 - • ■"->'•■• i 

35 2. Optisches Aufzeichnungsmedium gemaB Anspruch 1 , worin alle Aufzeichnungsschichten, die von: derjenigen Auf- 
zeichnungsschicht verschieden sind, die von der Lichteinfallsebene am weitesten entfernt ist, aus der Mehrzahl von 
Aufzeichnungsschichten mindestens ein Metall W,. ausgewahlt aus derGruppe, die aus^Ni, Cu, Si, /Ti ; Ge,;Zr; Nb, 
Mo, -In; Shi Wv Pb, Bi, Zn und La besteht; und' ein Element X enthalten, das mit dem Metall M nach Bestrahlung mit 
einem Laserstrahl zur Datenaufzeichnung kombinieren kann, wodurch ein KristalUeiner Verbindung des Elements 

40 X mit dem Metall M gebildet wird. 

3. Optisches Aufzeichnungsmedium gemaB Anspruch 1 , worin alle Aufzeichnungsschichten, die von derjenigen Auf- 
zeichnungsschicht verschieden sind, die von der Lichteinfallsebene am weitesten entfernt ist, aus der Mehrzahl von 
Aufzeichnungsschichten mindestens ein Metall M? ausgewahlt aus der Gruppe? die aus Ni, Gu, Si; Ti, Ge, Zr, Nb, 
45 Moi ln; Sn, W-, Pb, Bi, Zn und La besteht^ und ein Element X enthalten, das mit dem Metall M nach. Bestrahlung mit 

einem Laserstrahl zur Datenaufzeichnung kombinieren kann; wodurch ein Kristall einer Verbindung; des , Elements 
X mit dem Metall M gebildet wird, und auf solche Weise gebildet sind,daB die Aufzeichnungsschichten .naher zur 
Lichteinfallsebene dunhersind. ^ ' • ■ o , - r : ^ * , 

.:•.» :■■ *. ■ ■ • :c,-- . '.j •,•;}')>'-."• ':, :* •• • . ...... : .. f .,„, 

50 4. Optisches Aufzeichnungsmedium gemaB Anspruch 3, das eine erste Aufzeichnungsschicht, eine zweite Aufzeich- 
nungsschicht urid eine dritte Aufzeichnungsschicht auf dem Substrain dieser Reihenfolge umfaBt, worin die erste 
Aufzeichnungsschicht, die zweite Aufzeichnungsschicht und die dritte Aufzeichnungsschicht so gebildet sind, daB 
die zweite Aufzeichnungsschicht eine Dicke von 1-5 rim' bis 50 nm hat und das Verhaltnis der Dicke der dritten 
Aufzeichnungsschicht zur Dicke der zweiten Aufzeichnungsschicht 0,40 bis 0,70 ist. 

5. Optisches Aufzeichnungsmedium gemaB Anspruch 3, das eine erste Aufzeichnungsschicht, eine zweite Aufzeich- 
nungsschicht, eine dritte Aufzeichnungsschicht und eine vierte Aufzeichnungsschicht auf dem Substrat in dieser 
Reihenfolge umfaBt, worin die erste Aufzeichnungsschicht, die zweite Aufzeichnungsschicht, die dritte Aufzeich- 



43 



EP 1 437 724 B1 



nungsschicht und die vierte Aufzeichnungsschicht so gebildet sind, daB die zweite Aufzeichnungsschicht eine Dicke 
von 20 nm bis 50 nm hat, das Verhaltnis der Dicke der dritten Aufzeichnungsschicht zur Dicke der zweiten Auf- 
zeichnungsschicht 0,48 bis 0,93 ist und das Verhaltnis der Dicke der vierten Aufzeichnungsschicht zu derjenigen 
der zweiten Aufzeichnungsschicht 0,39 bis 0,70 ist. 

6. Optisches Aufzeichnungsmedium gemaB einem der Anspruche 1 bis 5, worin das Element X aus mindestens einem 
Element besteht, das aus der Gruppe ausgewahlt ist, die aus S, O t C und N besteht. 

7. Optisches Aufzeichnungsmedium gemaB einem der Anspruche 1 bis 6, worin mindestens eine Aufzeichnungs- 
schicht, die das Metall M und das Element X enthalt, daruber hinaus mindestens ein Metall enthalt, das aus der 
Gruppe ausgewahlt ist, die aus Mg, Al und Ti besteht. 

8. Optisches Aufzeichnungsmedium gemaB Anspruch 7, worin die Aufzeichnungsschicht, die mindestens ein Metall, 
das aus der G ruppe> ausgewahlt istr die aus Ni;;CUi Si, Ti, Ge, Zr, Nb r Mo, In, Sn, W, Pb, Bi, Zn und La besteht, und 
mindestens ein Element als primare Komponente enthalt, das aus der Gruppe ausgewahlt ist, die aus S, O, C und 
N besteht; und der mindestens ein Metall zugegeben ist, das aus der Gruppe ausgewahlt ist, die aus Mg, AlundiTi 
besteht, durch einen^GasphasenwachstumsprozeB gebildet' wird, der ein Target, das mindestens ein Metajl, das 
aus der Gruppe ausgewahlt ist, die aus Ni, Cu, Si; Ti, Ge, Zr, Nb, Mo, In, Sn, W, Pb, Bi ; \Zn und La besteht, und 
mindestens ein Element als primare Komponente enthalt, das aus der Gruppe ausgewahlt ist, die aus S, O, C und 
N besteht, und ein Target verwendet, das mindestens ein Metall enthalt, das aus der Gruppe ausgewahlt ist, die 
aus Mg, Al und Ti als primare Komponente besteht. 

9. Optisches Aufzeichnungsmedium gemaB Anspruch 8, worin die Aufzeichnungsschicht, die mindestens ein Metall, 
das aus der Gruppe ausgewahlt, die aus Ni, Cu, Si, Ti, Ge, Zr, Nb, Mo, In, Sn, W, Pb, Bi, Zn und La besteht, und 
mindestens einem Element als primare Komponente enthalt, das aus der Gruppe ausgewahlt ist^die aus S,.G, .C 
und N besteht, und der mindestens ein Metall zugegeben ist, das aus der Gruppe ausgewahlt ist, die aus Mg, Al 
undTi besteht, durch einen GasphasenwachstumsprozeB gebildet wird, der ein Target, das eine Mischung aus ZnS 
und Si02 Oder eine Mischung aus La20 3 , Si0 2 und Si 3 N^ als primare Komponente enthalt; und ein Target verwendet, 
das mindestens ein Metall als primare Komponente enthalt, das aus der Gruppe, ausgewahlt ist, die aus Mg, Al und 
Ti als* primare Komponente besteht. 

1 0. Optisches- Aufzeichnungsmedium gemaB Anspruch 1 , worin die Aufzeichnungsschicht, die vonrder Mehrzahl von 
Aufzeichnungsschichten am weitesten von der Lichteinfallsebene entfemt ist, einen ersten Aufzeichnungsfilm, der 
Cu als primare Komponente enthalt, und einen zweiten Aufzeichnungsfilm einschlieBt, der Si als primare Kompo- 
nente enthalt. ,y ..■ ■ : s v -, , : - t 

11 Optisches Aufzeichnungsmedium gemaB Anspruch 1 , worin die Mehrzahl von Aufzeichnungsschichten so aufgebaut 
sind, 1 daB unter VerwendUng eines Laserstrahls mit einer Wellenlange von 380 nm bis 450 nm Daten darin aufge- 
zeichhet werden konnen und Daten darausiwiedergegebeniwerden konnen. 

Revendications 

1 . / Support d'enregistrement optique comprenant un substrat etune pluralite de couches d'enregistrement laminees 

via au moins des couches intermediaires 4 - au moins une des couches d'enregistrement autre qu'une cpuche d'en- 
registrement la plus eloignee d'un plan d'incidence de la lumiere parmi la pluralite de couches d'enregistrement 
contenant au moins un metal M choisKdans un groupe consistant en Ni, Cu, Si, Ti, Ge, Zr,.Nb, Mo f In, Sn.^W, Pb, 
Bi, Zn et La et un element X qui peut se combiner avec le metal M lorsqu'il est irradie avec un faisceau laser pour 
enregistrer des donnees, formant ainsi un cristal d'un compose de I'element X avec le metal M. 

2. Support d'enregistrement optique se Ion la revendication 1 , dans lequel toutes les couches d'enregistrement aut res 
que la couche d'enregistrement la^plus eloignee^du plan d'incidence.de la lumiere parmi la pluralite de couches 
d'enregistrement contiennent au moins un?metal M choisi dans un groupe consistant en Nii Cu, Si, Ti fV Ge,.Zr f Nb, 
Mo, In, Sn, W, Pb, Bi, Zn et La et un element X qui peut se combiner avec le metal M lorsqu'il est irradie avec un 
faisceau laser pour enregistrer des donnees, formant ainsi un cristal d'un compose de I'element X avec le metal M. 

3. Support d'enregistrement optique selon ta revendication .1 , dans lequel toutes les couches d'enregistrement autres 
que la couche d'enregistrement la plus eloignee du plan d'incidence de la lumiere parmi la pluralite de couches 
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d'enregistrement contiennent au moins un metal M choisi dans un groupe consistant en Ni, Cu, Si, Ti, Ge, Zr, Nb, 
Mo, In, Sn, W, Pb, Bi, Zn et La et un element X qui peut se combiner avec le metal M lorsqu'il est irradie avec un 
faisceau laser pour enregistrer des donnees, formant ainsi un cristal d'un compose de I'element X avec le metal M, 
et sont formees de telle maniere que les couches d'enregistrement plus proches du plan d'incidence de la lumiere 
sont plus minces. 

Support d'enregistrement optique selon la revendication 3, qui comprend une premiere couche d'enregistrement, 
une deuxieme couche d'enregistrement et une troisieme couche d'enregistrement sur le substrat dans cet ordre et 
la premiere couche d'enregistrement, la deuxieme couche d'enregistrement et la troisieme couche d'enregistrement 
sont formees de telle maniere que la deuxieme couche d'enregistrement a une epaisseur de 15 nm a 50 nm et 
qu'un rapport de I'epaisseur de la troisieme couche d'enregistrement a I'epaisseur de la deuxieme couche d'enre- 
gistrement est de 0,40 a 0,70. 

Support d'enregistrement optique selon la revendication 3, qui comprend une premiere couche d'enregistrement, 
une deuxieme couche d'ehregistrementi urie trqisieme couche d'enregistrement et une quatrieme couche d'enre- 
gistrement sur le substrat dans cet brclre >et la-premidre couche d'enregistrement, la deuxieme couche d'enregis- 
trement, la troisieme couche d'enregistrement et la quatrieme couche d'enregistrement sont formers de telle maniere 
que la deuxieme couche d'enregistrement a une epaisseur de 20 nm a 50 nm, qu'un rapport de I'epaisseur de la 
troisieme couche d'enregistrement a I'epaisseur de la deuxieme couche d'enregistrement est de 0,48 a 0,93 et 
qu'i 
est < 



i*un rapport de I'epaisseur de la quatrieme douche d'enregistrement a celle de la deuxieme couche d'enregistrement 
t de 0,39 a 0,70. " ; ■ i * ' 



6. Support d'enregistrement optique selon Tune quelconque des revendications 1 a 5, dans lequel l'§l£ment X est 
constitue d'au moins un element choisi dans un groupe consistant en S, O, C et N. 

7. Support d'enregistrement optique selon Tune quelconque des revendications 1 a 6, dans lequel I'au moins une 
couche d'enregistrement contenant le metel M et ('element X contient en outre au moins un metel choisi dans un 
groupe consistant en Mg, Al et Ti. 

8. Support d'enregistrement optique selon la revendication 7, dans lequel la couche d'enregistrement contenant au 
moins un metal choisi dans un groupe consistant en Ni, Cu, Si, Ti, Ge, Zr, Nb, Mo, In, Sn, W, Pb, Bi, Zn et La et au 
moins un elemefnt choisi dans un-groupe consistant en S, 0,iG et N en tant que composant primaire et etant 
additionne d'au moins un metal choisi dans un groupe consistant en Mg, Al et Tt est formee par un procede de 
croissance en phase vapeur en utilisant une cible contenant au moins un metal choisi dans un groupe consistant 
en Ni, Gu, Si, Ti, Ge~Zr, Nb, Mo, In, Sn, W, Pb, Bi, Zn et La et au moins un Element choisi dans un groupe consistant 
en S, O, C et N en tant que composant primaire et line cible contenant au moins un metal choisi dans up groupe 
consistant en Mg,. Al et^en tant que composant primaire. v A% ■> 

9. Support- #enregi6tr^emejr^^ contenant au 
moins un metal chd^i^ns ^ Bj,.Zn et La et au 
moins un element ' ch<oi§i>,g^^ et etant 
additionne d'au moins un metal choisi- dans' uiri groupe consistant en Mg, Al et Ti est formee par un procede.de 
croissance en phase vapeur en utilisant une cible contenant un melange de ZnS et de Si0 2 ou un melange de 
La 2 0 3 , Si0 2 et Si 3 N 4 en tant que composant primaire et une cible contenant au moins un metal choisi dans un 
groupe consistant en Mg, Al et Ti en tant que composant primaire. 

10. Support d'enregistrement optique selon la revendication 1 , dans lequel la couche d'enregistrement la plus eloignee 
d'un plan d'incidence de la lumiere .parmi la pluralite de couches d'enregistrement inclut up premier film d'enregis- 
trement contenant Cu en tant que composant primaire et un deuxieme film d'enregistrement contenant Si en tant 
que composant primaire. 

11. Support d'enregistrement optique selon la revendication 1, dans lequel la pluralite de couches d'enregistrement 
sont constitutes de telle maniere que les donnees puissent etre enregistrees sur celui-ci et que les donnees puissent 
etre reproduites a partir de celui-ci en utilisant un faisceau laser ayant une longueur d'ondes de 380 nm a 450 nm. 
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